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PREFACE 
This work was undertaken with the objective of devel-
oping an augmented queueing system simulator which would 
be useful as a classroom demonstration and teaching device 
and as a research tool. The system which has been design-. 
ed, constructed, and tested is herein presented. 
The system described is capable of generating elec-
trical impulses at random time intervals with preset dis-
tributions and parameters, capable of using these impulses 
to simulate the operation of a complex queueing system, 
and is capable of providing both a visual and a permanent 
display of the data thus generatedo 
The author is deeply indebted to many individuals and 
organizations for their invaluable assistance. In partic-
ular, appreciation is expressed to Dr. Paul Torgersen, 
under whose direction this work was done, for his guidance 9 
assistance, and patience during the entire course of this 
work. Appreciation is also expressed to Dr. George F. 
Schrader, Dr. Buck F. Brown, and Dr. P. M. Ghare for their 
assistance in the planning, design, and testing stages; to 
Mr. Roger Hale, Mr. John Staggs, Mr. Richard Carmon, and 
Mr. James Gibbs for their assistance in the construction 
stage; to Miss Velda Davis for her help and typing; and to 
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my family for '°letting me do it. 11 
Indebtedness to the following organizations is also 
acknowledged: Oklahoma State University for making this 
work possible~ the National Science Foundation for pro-
viding funds for time and equipment, and Texas Techno-
logical College for permitting the use of various data 
recording devices. 
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CHAPTER I 
INTRODUCTION-
The purpose of this project has been to refine and im-
prove a single station queueing simulator and to develop 
means by which several such units could be connected to-
gether in order to simulate a complex or augmented queueing 
system. The final queueing simulator was to be a refined 
model of a single station queueing simulator designed and 
constructed within the School of Industrial Engineering and 
Management, with the support of the Office of Engineering 
Research, Oklahoma State University. 
A queue or waiting line is literally what the name 
suggests - a queue or line formed when moving units encoun-
ter an obstruction causing them to be delayed before they 
can proceed. It is an indication of t_he congestion that 
occurs when a flow system encounters a restriction or 
"bottleneck." A queue or waiting line is formed by the 
collection of individual units of the flow system being 
temporarily detained at the bottleneck. Lines formed by 
people waiting for seats at a motion picture theater or by 
automobiles waiting for traffic lights to change are famil-
iar examples. 
1 
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Queueing theory and the analysis of queues are needed 
in many industrial applications, such cm communication and 
transportation networks as wel1 as production scheduling .. 
Telephone systems can be designed more economically when 
the required circuit capacity to carry traffic~ with a pre-
determined maximum delay period is known .. A similar situa-
tion exists in highway plann:ing.. The determination o.f the 
number of aircraft arrivals and departures a given airfield 
can accommodate per unit time is ax1other example of the ap-
plication of quel1eing theory o Many problems in operations 
research require a fundamental knowledge of the principles 
of queueing theorye 
It was felt that,by providing a tool whereby queueing 
lines could be obser:,ved and studied without having to re-
sort to the time consuming procedure of observing indus-
trial situations or the laborious procedures involved in 
hand simulation~ student interest in queueing theory eould 
be increased within the classroom by the instructor and 
more students could learn to recognize situations in which 
queueing theory can be applied. 
The simulator will perm.it the student to control vari-
ous statistical parameters such as the arrival and service 
distributions as well as the mean service time and mean 
arrival time, in order to experience the effect of changi.ng 
these parameters on the queue. By connecting two or more 
simulators together~ complex queueing situations may be 
demonstrated to show the effect of paralleled or series 
services with either similar or different parameterso 
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The queueing simulator is quite simple in concepto It 
has its nucleus~ two 01 random 11 time interval generators o 
These 09 random 00 time interval generators are connected to an 
add and subtract stepping relay which displays the queue 
lengtho 
Augumented or complex queues can be formed by combin-
ing either the individual 10 random oe time interval generators 
or the simple queueing simulators according to the desired 
complexity of the queueo 
CHAPTER II 
CONSTRUCTION OF RANDOM TIME INTERVAL 
GENERATOR SECTIONS 
The single station queueing simulator is constructed 
from five basic sections: (1) power supply section~ (2) 
constant impulse section, (3) queue display section~ (4) 
and (5) two "random n time interval generator sections o 
Although the power supply section and the constant impulse 
sections are required portions of the 00 random 0' time inter-
val generator, they are listed as separate sections due to 
the fact that they are shared by the two n random n time in-
terval generatorso 
The.22.wer su12ply section provides for the power re-
quirements of the various other sectionso It provides 110 
volts alternating current, 6.3 volts alternating current, 
and 9 volts direct current (these voltages will vary ac-
cording to the line voltage to the power supply) for the 
other sectionso This section contains the parts listed in 
Parts List l~ and is wired according to Figure 1. 
Leads A and B connect the power supply through the 
Power plug (Pl-1) to an outside source of power (110 volts 
alternating current). Lead C provides the 110 volt 
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PARTS LIST 1 
Power Supply Section 
Part Part 1'1fgo 
Noo :Pesc£i_n_tion Specifications Manufacturer ~ 
C-1 Capacitor o05mfdo 400VDC Cornell-Dublier Pl'1455 
0=2 Power Storage 
Capacitor lOOmfdo 150VDC Mallory· TC493 
Pl=l Power Plug 2 wire polarized Cinch Jones P302-AB 
S=l Main Control Switch DPDT Cutter-Hammer 8373K8 
SR=l Silicon Rectifier 750ma 600PIV Texas Instruments IN547 
TR=l Transformer 6o3VAC3A Stancer P6466 
\J1 
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Figure 1. Power Supply Section 
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alternating current required by the outer sectionso Lead D 
serves as a common re"t;;urn (ground) to the power supply for 
all circuits. Lead E provides alternating current stepped 
down by the transformer (TR-1] to about 6.3 voltso Lead F 
provides the stepped down voltage (about 9o3 volts direct 
current) after it has been rectified by the silicon recti-
fier (SR-1) and smoothed by the power storage capacitor 
(C-2). The main control switch (S-1) controls the flow of 
power to the entire unito The capacitor (C-1) across the 
power input lines serves to filter undesirable stray cur-
rent and to minimize arcing at various relay contact 
pointso 
The constant impulse sectio~ provides five impulses 
per second to step stepping relays in the "random" time in-
terval generators. This section contains the parts listed 
in Parts List 2, and is wired according to Figure 2. 
Lead C provides 110 volts alternating current from the 
power supply to drive the motoro Lead D provides a return 
path to the power supply for the alternating current. Lead 
G provides five impulses of 110 volt alternating current 
per second to the stepping relays in the "random" time in-
terval generator. The cam disk (CD-1) is fitted on the 
shaft of the motor (H-1) so as to depress the arm of the 
microswitc h (MS-1) ~ The capacitor (C-3) smooths the cur-
rent flow introduced by the stepping relays in the "random 11 
time interval generator. 
Part Part 
Noo Descri12tion 
C-3 Oapaci to:r 
CD-1 Cam Disk 
MT-1 Motor Mount 
M...;l Motor 
MS-1 Micro switch 
S-5 Switch 
PARTS LIST 2 
Constant Impulse Section 
§12ecifieations Manufacturer 
o47mfd. 600VDC Mallory 
Shop made Detail 1 
Shop made Detail 2 
60RPM 115VAC 60 
cycle Hurst 
SPST Micro Switch Corpo 
SPST Arrow-Hart and Hegeman 
Mfg. 
~ 
PVC60+7 
SM-60RPM 
6RL-2 
20994-BF 
CX>. 
9 
Figure 2. Constant Impulse Section 
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The gµeue display section provides a means of display-
ing the queue visually and a means of controlling the 
"random" time interval generator used to simulate services 
in the queueing system to prevent a service from occurring 
when there is no unit in the service facility. The queue 
display section consists of the parts listed in Parts List 
3, and is wired according to Figure 3o 
Lead C provides 110 volts alternating current from the 
power supply. Lead D provides a return path to tbe power 
supply to complete various portions of the circuit. Lead H 
is connected to the "random n time interval generator which 
simulates arrivals and causes one to be added to the queue 
count, whenever an impulse is generated by the arrival sim-
ulator. Lead I is connected to the 11 random" time interval 
generator which simulates services ... and causes one to be 
subtracted from the queue count whenever an impulse is gen-
erated by the service simulator. Lead J is connected to a 
control relay in the II random" time interval generator which 
simulates services to provide current to indicate by a 
light (L-21) that there is no unit in service, if no unit 
is in service. Lead K is connected to a control relay in 
the "random" time interval generator which simulates serv-
ices to provide current to indicate by a light that a unit 
is in service, if a unit is in service. Lead L provides 
current from a contact point of the add and subtract relay 
(AS-Rl-1) when.ever the relay wipper arm is at position zeroo 
PARTS LIST 3 
Queue Display Section 
Part Part 
No. Description Specifications 
AS-Rl-1 Add and Subtract 
Relay 40PT llOVAC 
C-4,C-5 Capacitors .47mfd. 600VDC 
L-1 to L-
20 Neon Light Units Clear 
L-21 Neon Light Unit Green 
L-22 Neon Light Unit Red 
S-2 Switch SPST 
Manufacturer 
Guardian 
Mallory 
Dialco 
Dialco 
Dial co 
Arrow-Hart and 
Hegeman 
Mfgo 
TyPe 
lR-RAS 
PVC 6047 
5240 x H 
Type H995 
5240 x H 
Type 932 
5240 x H 
Type 991 
20994-BF 
!-' 
!-' 
12 
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Figure 3. Queue Display Section 
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The two capacitors C-4 and C-5 smooth th~ current flow in-
troduced by the add and subtract relay .. One light (L-21) 
is lighted whenever there is no unit available to be 
servicedo A light (L-22) is lighted whenever there is a 
unit in serviceo The other twenty lights are wired so that 
as a queue forms from time-to-time the number of units in 
the queue will be indicated by a light being lighted in a 
position to correspond to the number in the queueo Thus, 
when the system is empty~ only light Noo 21 will be lighted, 
if there is only one unit in the system (in service) only 
light Noo 22 ,will be lighted, if there is a queue of length 
x, (x+l) in the system 9 light Noo 22 and light No. x will 
be lighte~. Switch (S-2) may be used to prevent the count 
from stepping and the lights from lighting when the simula-
tor is used as part of an.'9.ugmented system. 
The ·two "random 19 time interval generator sections 
serve as the source of electrical impu],,ses· which step the 
count. One of the 11 random 01 time generators is attached to 
the add side of the counter and is the arrival simulator. 
The other is attached to the subtract side and is the serv-
ice simulator; as these units are nearly identical, they 
will be discussed as one:9 w.ith their differences being iden-
tified when appropriate" A "random" time interval sec ti.on 
consists of the parts li.sted in Parts List 4 and is wired 
according to F.igure 4o 
LeadC is connected to the power supply section and 
Part 
Noo 
C-6 
C-'7 I 
C-8 
C-9 
L-Rl-1 
FMP 
P-1 to 
P-80 
R=l 
R-2 
R-3 
Rl-1 
PARTS LIST 4 
II Random II Time Interval Generator 
Section 
Part 
Description §_12ecifications 
Capacitor 80mfdo 350VDC 
Timing Capacitor 50mfd .. 25VDC 
Capacitor lOmfd. 25VDC 
Capacitor o05mfd. 400VDC 
Latching Relay DPDT 
Potentiometer Mount-
ing Panel Shop made 
Potentiometers 100:KO Linear Taper 
Resistor lOKQ 1 watt 
Resistor 47KQ 2 watts 
Resistor 330Q 2 watts 
Relay 10,000Q Plate Current 
Manufacturer 
Mallory 
Mallory 
Mallory 
Cornell-Dublier 
Guardian 
Detail 4 
Mallory 
Guardian 
Mfg. 
~ 
PF 128 
TC 29 
TC 22 
PM 455 
670Gll5 
SU 41 
200MS 
4PDT 
I-' 
+:" 
PARTS LIST 4 (Continued) 
Part 
Noo 
~
Rl-2 
S-3,S-4 
S-Rl-1 
S-Al=2 
SR-2,SA-3 
T-1 
TJ-1 to 
TJ=3 
TS-1 
Part 
Descript;io:u 
Relay 
Switch 
Stepping Relay 
Silicon Rectifier 
Electron Tube 
Tip ,.Tack 
Tube Socket 
Spec if ic a ti_211~ 
115VAC 
SPST 
40 Point 
750ma 600VIC 
7 Pin 
l"Ianufacturer 
Guardian 
Arrow-Hart and 
Hegeman 
Guardian 
Texas Instruments 
RCA 
G-E Electronics 
Elco 
J"Ifgo 
~ 
500l"IS 
4PD'.i' 
20994-BF 
IRPC 
IN 547 
2D21 
Type 33-212 
235PHSPDT 
i-' 
\Jl 
r-=--
1 ,-
~~~~ ~~~- -~~~ ~~~ ~~--~~~- -~~ ~~~ ~~~ 
TJ-2 
P21 P26 P31 Pl P6 PII PIG 
S-3 
I 
I 
I 
I LL.~~ R-3 
I 
~~~~~~~-
Figure 4. "RANDOM" Time Interval Section 
~ 
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provides 110 volt alternating current. Lead Dis connected 
to the power supply section and serves as a common return 
(ground) for all circuits. Lead Eis connected to the 
power supply section and furnishes 6.3 volts alternating 
current to the tube to heat its cathode. Lead Fis con-
nected to the power supply section and furnishes about 9.3 
volts direct current to charge the timing capacitor (C-7) 
in the resistance-capacitance timing circuit. Lead G is 
connected to the output of the constant impulse section to 
provide five stepping i~pulses per second to the resistance 
stepping relays. The toggle switch (S-4) is provided to 
permit control of the resistance stepping relays so that a 
fixed resistance circuit can be used if desired. Lead H 
(in the arrival simulator) or Lead I (in the service simu-
lator) provides impulses to the queue display section to 
step the count whenever a·service or an arrival occurs. A 
means of controlling the· output of the "random" time inter-
val generator sections to prevent them from stepping the 
queue count is provided in· the tip jacks (TJ-28 in the 
service simulator~ and TJ-2A in the arrival generator). 
This means can provide control either from another 
simulator (in an augmented queueing system) or any auxil-
iiil'Y d.evice; the input must come from a source connected to 
the same power line as lead A in the power supply section. 
Lead L (in the service simulator only) is connected to the 
service facility empty contact of the queue display section 
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counting relay to prevent a service from occurring when ~o 
unit is in service. In the service simulator, current 
from lead L would close the service cotrol relay (Rl-28). 
When this relay is closed, contact HS allows current to 
flow to lead J. Lead J is connected to the service facil-
ity empty light in the queue display sections. When the 
service control relay (Rl-2S) is open, current flows 
through contact HS to lead K. Lead K is connected to the 
service facility occupied light (L-22) in the queue dis-
play section. Relay Rl-1 provides an impulse source to 
other units or equipment through a tip jack (TJ .... 3). A 
means of externally stepping the queue count is provi,ded 
through a tip jack (TJ-1). 
The H random" time interval generator operates as fol-
lows. Whenever the voltage across the control capacitor 
(C-7) falls below a certain level, the control tube (T-1) 
will permit current to flow through contact E of the con-
trol relay (Rl-2), if this relay is in its normally open 
position, to the coil of the impulse relay (Rl-1). The 
capacitor (C-8) across the coil of this control relay 
(Rl-1) smooths the current flow to insure reliable relay 
closure. When the impulse relay (Rl-1) closes, it permits 
current to flow from lead F through contact C to recharge 
the control capacitor (C-7) and cut off the flow of cur-
rent through the control tube (T-1); it permits current to 
flow from lead C through contact D to TJ-3, through 
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contact B to lead Hor lead I to one of the stepping 
relays in the queue display section to step the queue 
count, and through contact A to step the latching relay 
(L:...Rl-1) to switch stepping relays and resistor circuitso 
When the control relay (Rl-2) is open, as it normally is, 
current flows from ·the control capacitor (C .... 7) through its 
contact F to contact the latching relay (L-Rl-1) to- be 
directed to one of the banks of potentiometers to be dis-
sipated as heat to discharge the control capacitor (C-7)o 
The current to be dissipated 9 which flows through contac-t 
J of the latching relay (L-Rl-1), will be directed by con-
tact arm of whichever one of the two stepping relays 
(S-Rl-1 or S-Rl-2) that is stoppedo This current will 
then flow through a number of the potentiometers (the num-
ber is determined by the location in which the stepping 
relay is stopped) to discharge the control capacitor (C-7)o 
During the time that the current flows th:r.ough one. stepping 
relay and its corresponding potentiometers, the othe.r 
stepping relay is being stepped by current from the con-
stant impulse section which is directed to it through con-
tact I of the latching relay (L-R1=l)o. Wheneve;r the la·tching 
relay (L-Rl-1}' is energized, it switches the control 
capacitor discharge current to the stepping relay which 
has just previously been stepping and stops this relay. 
from steppingo It also starts stepping the stepping relay 
which has just previously been controlling the capacitor 
20 
discharge current. This switching action permits the sys-
tem to "randomly" select the number of potentiometers to 
be in series in the resistance-capacitance circuit at any 
given time. This in turn generates the random time inter-
vals between impulses. 
The distribution of time intervals is determined by 
the adjustment of the potentiometers. In the long run, 
either of the stepping switches will stop at each of its 
forty positions approximately the same number of times. 
This provides a rectangular distribution as far as the 
number of potentiometers in the circuit are involved. The 
number of potentiometers is, of course, a discrete number. 
Forty positions provide enough points to approximate 
a continuous distribution for most purposes. One is able 
to adjust the distribution of t~me interval lengths by 
adjusting the various potentiometers. If potentiometer 
number one is adjusted to yield some desired time interval 
and all other potentiometers are adjusted to zero resist-
ance, then all time intervals will be very nearly the same. 
Potentiometer number one should never be set to zero 
resistance as this will cause a direct short across the 
terminals of the control capacitor (C ... 7) and the direct 
current portion of the power supply. If all potentiome-
ters are adjusted to the same resistance, then the differ-
ence between the time intervals generated by adjacent 
potentiometers will be equal. In adjusting the 
21 
potentiometers to generate a series of time intervals from 
different times, one mu~t re~ember that the current flows 
through the potentiometers in series, and, therefore, that 
one is constructing a cumulative distribution of resist-
ance and that the distribution of the stepping relay 
contacts is rectangular. 
CHAPTER III 
CONSTRUCTION OF QUEUEING SIMULATOR 
The components described in Chapter II may be assem-
bled into either of two different unitso With one of the 
00 random uo time interval sections, a 00 random 00 time interval 
generator may be formedo This 00 random 00 time interval gen-
erator can be used to provide electrical impulses to trip· 
a motion camera to make a. filmed work sampling study or to 
indicate points for random samplingo The omission of the 
two se.ctions mentioned is the only difference between the 
00 random 00 time interval generator and the. queueing 
simulatoro 
The queueing simulator utilizes all.of the sections 
de.scribed in Chapter II and some additional llardware ( see 
Parts List 5)o It is wired as shown in Figure 5o It 
should be-noted that the part number of each part in the 
service simulator section is followed by an Sand that the 
pa.rt numbers of each part in the arrival simulator is fol-
lowed by an Ao 
The lead (L) from the service facility empty contact 
(0) qf the add and subtract relay (AS-Rl-1) in the queue 
display section is connected to the service control relay 
22 
Part 
No. 
AS-Rl-1 
C-1,C-9A 
C-98 
C-2 
C-3,C-4, 
C-5 
C-6A ,C-68 
C-7A 9C-7S 
C-8A~C-8S 
CAB-1 
CHA-1 
L-1 to 
L-20 
Part 
J2~scri2tiQn 
Add and Subtract 
Relay 
Capacitor 
Capacitor Power 
Storage 
Capacitor 
Capacitor 
Timing Capacitor 
Capacitor 
Cabinet 
Chassis 
Neon Lamps 
PARTS LIST 5 
Queueing Simulator Parts List 
.e12.,ecif icati o:g 
40Pto 115VAC 
.05mfd. 400VDC 
lOOmfd. 150VDC 
.47mfd. 600VDC 
80mfd. 350VDC 
50mfd. 25VDC 
lOmfd. 25VDC 
12 11 H x 14-1/S"L 
x 18 "D 
3H x 13L x 17D 
Clear 
Mfg!.. 
Guardian 
Cornell-
Dublier 
Mallory 
Mallory 
Mallory 
Mallory 
Mallory 
Bud 
Bud 
Dialco 
Mfg. No • 
12-RAS 
Pl"I455 
TC493 
PVC6047 
PF128 
TC29 
TC22 
WA-1544 
AC-L~20 
5240 x H 
Type H995 
No. Req. 
for 
Simulator 
1 
3 
l 
3 
2 
2 
2 
l 
1 
20 
I\) 
\.N 
PARTS LIST 5 (Continued) 
Part 
JI_oo 
L~21 
L-22 
L=R1~1 
M~-1 
MS-1 
P-1.A to 
P-80A 
p--=.1s to 
P-808 
Pl=l 
R-lA~R-18 
R-2A 9R-2S 
R..,3A ~R-38 
Rl-·lA 9 
Rl-lS 
Rl-2A 9 
Rl-25 
Part 
Description Specification 
Neon Lamp Green 
Neon Lamp Red 
Latching Relay DPDT 
Motor 60RPM 115 60Cy 
Micro switch SPS4 
Potentiometers 100:KO linear 
taper 
Power Plug 2 wire Polarized 
Resistor 
Resistor 
Resistor 
Plate Relay 
Relay 
lOKCl Watt 
47K02 Watt 
3300 2 Watt 
10 9 0000, 4PDT 
115VAC~ 4PDT 
Mfgo 
Dialco 
Dialco 
Guardian 
Hurst 
Micro Switch 
Corp 
Mallory 
Cinch Jones 
Guardian 
Guardian 
Mfg" N9...! 
5240 x H 
Type 932 
5240 x H 
Type 991 
670 6115 
SM 60RP1'1 
GRL=2 
SU-41 
P302=AB 
200MS 
500MS 
No. Rego 
for.· 
Simulator 
1 
l 
1 
1 
]~ 
160 
1 
"" c.
2 
2 
2 
2 I\) 
.p: 
PARTS LIST 5 (Continued) 
Part 
No. 
S-1 
S-2 ~S-3A, 
S-38 ,S-4A, 
S-48,S-5 
SR-l 9 SR-2A 
SR-28, 
SR-3A, 
SR-38 
S-Rl..;.lA 
S-Rl-18 
S-Rl-2A 
S-Rl-2S 
T-U,T-lS 
TJ-lA to 
TJ-3A 
TJ-18 to 
TJ-3S 
TR-1 
TS-lA,TS-18 
CD-1 
MT-1 
D~~:rl.12.ii on 
Switch 
Switch 
Silicon Recti-
fier 
Stepping Relay 
Tube 
Tip Jack 
Transformer 
Tube Socket 
Cam Disk 
Motor Mount 
S12ec~Ji~ation 
2DPT 
SPST 
750ma 600PIV 
l+OPt. 115VAC 
7 Pin 
6.3VAC3A 
7 Pin 
!:'![g O !'.:'!~ () • 
Cutter-Ham.mer 8373 KB 
Arrow-Hart 20994-BF 
and Hegeman 
Texas Instru- IN547 
ments 
Guardian IR-PC 
RCA 2D21 
G-E Elec-
tronics 
Stancor 
Elco 
Type 33-212 
P6466 
235 PHSPDT 
S-ee Figure 17 Shop made 
See Figure 18 Shop made 
No. Req. 
for 
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PARTS LIST 5 (Continued) 
Part 
No. Descri12tion 
SB-1 Support Bracket 
PMP-lA Potentiometer 
PMP-18 Mounting Panel 
S:pecific.ation Mfg. 
.See Figu~e · 20 Shop made 
See Figure 19 Shop made 
Mfg. No. 
No. Req. 
for 
Simulator 
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Figure 5. Q.ueueing Simulator 
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(Rl-28) so th.at this relay will open and prevent a service 
impulse from occurring whenever no·unit is present fo:r:-
servicing. lhis also provides current to flow through 
lead (J) to light (L-21) to indicate that the service fa-
cility is not occupied. When the service control relay 
(Rl-28) is not closed, current flows through lead (K) to 
light (L-22) to indicate that the service facility is 
occupied. 
The power plug (Pl-1) is of a polarized type to in-
sure that inputs to the unit through the various tip jacks 
to either control the queue display section or either of 
the simulator sections matches the polarity of the current 
needed. It is intended that an external junction box will 
be constructed which would connect to a standard wall out-
let (115AC) and provide as many leads as there are queueing 
simulators to be interconnected. One should note that the 
leads to the various tip jacks can all be followed to a 
common point (prong A of the power plug), and that any in-
. :put to these jacks should come from the same line (or a 
line connected to it), or that any output from these jacks 
(TJ-3A or 3S) should go to a line of like nature. 
The lin~.switches can be used to vary the operation 
of the various components of the system. The power switch 
(S-1) is simply the main ON-OFF switch; in the OFF posi-
tion it breaks both power lines to completely isolate the 
unit. Switch (S-2) controls the common power line to the 
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. _add and subtract relay (AS-Rl-1) and the display lights in 
the queue display section to deactivate the ··queue ·display 
section.when the unit is being used t9 supply impulses to 
either another unit or to some unit requiring randomly 
timed impulseso The two S-3 switches (S-3A and S-3p) may 
be used to prevent the latching relays (L-Rl-lA and 
L-~1-lS) from acting, and hence to prevent the normal 
switching of the stepping relays (S-Rl~lS, S-Rl-28, 
S-Rl-lA, and SpRl-2A)o This will permit either the serv-
ice simulator section or the arrival simulator sections or 
'· .. 
both to operate as constant time interval sections. How-
ever, even with this switch open, the stepping switch not 
in circuit will continue to step. Switch.es (S-4A and·s.:..4s) 
may be opened to break the common return line to prevent 
this stepping action. If no random impulses ar.e needed, 
the constant impulse section.can be turned off by opening 
·switch S-5. The use of thes·e v'arious switches will perini t 
·~- . 
~ maximum flexibility and, at t~e same time, the operation 
bf only the necessary section components. 
Figure 6 shows a completed simulator mounted in its 
cabinet, ·with the queue display lights and some ·of the 
.. 
control switches on the front pap.el. Figure 7 shows the 
back of a c·ompleted simulator which has been removed from 
its cabinet, with its front panel removed. To be noted is 
the m·ounting of the stepping relays which are connected to 
the potentiometers (two are· ihve:r;-ted and.-hu:i:;i.g from one of 
'igure 7. 
Figure 6 . Complete Simulator 
Mounted in 
Cabinet 
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Back Vi ew of Simulator 
Removed From Cabinet F i gure 8 . Front View of Simulator Removed From Cabinet 
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the support brackets), and switches~ tip jacks, and power 
plug which are mounted on the chassis. Figure 8 shows the 
front of a completed simulator which has been removed from 
its cabinet, with its front panel removed. Note the add 
and subtract stepping relay which will have the leads to 
the queue display lights connected to it and the cam disk 
(with black tape on it) which is mounted on the motor 
shaft (motor hidden) and on the motor mount. Also, to be 
noted are the potentiometer mounting panels with the po-
tentiometers mounted on them. No chassis layout is pro-
vided due to the fact that the layout is not critical. 
The detail drawings of the shop made parts are shown in 
Appendix A. 
CHAPTER IV 
OUTPUT !ND USE 
The primary output of the queueing simulator de-
scrib~d previously is in the form of a visual displayo 
This display provides a means for students to "observeu 
the queueing system· and to acquaint themselves with it. 
By varying the potentiometers to alter the arrival and 
service parameters or by switching one random time inter-
val generator to produc.e constant time intervals 3 the 
student can observe the effects on the system of various 
parameter changes. 
Provision is made through the various tip jacks to 
interconnect more than one unit so that th~ stud~nt qan 
observe the effects of multiple service channels or ar.rival 
channels. 
An alternate form of output is provided by the tip 
.j~~ks. This output is in the form of electrical impulses 
from the positive(+) side of the power supply (110 VAC)o 
this output can be taken from either the arrival simulator 
or the service simulator and may be utilized in various 
ways. It can be used to provide the input to an inventory 
system simulator, used directly with a recorder to record 
a series of random time intervals, or it can be used to 
trigger a camera for work sampling studies. 
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If an output other than ll.O VAC is des:i,red, a lead 
connected directly to a power source of the desired char-
acteristics can be substituted for the lead connected to 
relay contact D of relay Rl-1. 
then be available through TJ-3. 
The desired output will 
Both 6 VAC and 6 VDC are 
available from the power supply section (through leads E 
and F, respectively). 
CHAPTER V 
DATA COLLECTION AND MODIFICATIONS 
Data used to evaluate the performance characteristics 
of the queueing si.mulator ha.s been co llec.ted a...'fl.d recorded 
in several different ways 9 two o.f which have been rejected 
as being inadequate for this purposeo 
+nitially, an eight millimeter home motion picture 
cam.era was used to photograph a clock whenever an elec-
trical impulse was generated by the random time interval 
generator section being studied. 
This arrangement was made possible by the use of a 
solenoid to activate the camera. Positive film was used 
and specially processed without splitting so that a stand-
ard motion and time study analysis projector could be 
used to analyze the film. Figure 9 illustrates the film 
which resulted from this procedure. The figures shows a 
strip of film (actual size) and a section of "blown-up°' 
film. 
lt should be noted that only one random time interval 
generator can be studied at a time. Also, thie type of 
clock is quite difficult to read with any degree of 
accuracy. 
Figure 9. Motion Picture Camera 
Film Strip From 
Eight Millimeter 
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These inadequacies were partially overcome by the use 
of a sixteen millimeter motion picture camera and by 
mounting a stopwatch so that it could be photographed 
along with the resistance circuit selection stepping 
relays. 
The sixteen millimeter motion picture camera resulted 
in larger, clearer negatives~ information concerning both 
random time interval generators 9 and more accurate time 
interval data. Furthermore 9 it provided information· as to 
the identity of the resistor circuit which was responsible 
for each time interval. Figure 10 illustrates film ex-
posed using this system. A camera was found to be capable 
of operating independently, and, thus, could be used to 
collect data while unattended. 
This system was found to have some undesirable fea-
tures along with its desirable ones. One disadvantage was 
that it was quite difficult to identify which section of a 
random time interval generator was in operation. Another 
was that a considerable delay was experienced in the proc-
essing of the film. Still another was that even with the 
best of equipment, taking data from film is a slow and 
laborious process; the time intervals could not be found 
directly 9 but had to be calculated from the film data. In 
addition to these disadvantages~ this system did not per-
mit the collection of data concerning the condition of the 
queue which was generated. 
Figure 10. Film Strip From Sixteen 
Millimeter Motion 
Picture Camera 
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The use of photographs to collect data to be used to 
study the performance characteristics was eventually re-
0 jected due to the above limitations and disadvantages. 
It was eventually determined that the only data col-
lection system which was available to the author and which 
would overcome the above limitations and disadvantages 
while providing a permanent r.ecord of the desired data was 
a system which would utilize a recording dynagraph. This 
system would provide for the determination of time inter-
val length quite accurately, and it would provide for im-
mediate feedback of information. The only disadvantage of 
this system was that it did not provide for a means for 
the recording of information concerning the identity of 
the resistor circuit which was responsible for the various 
time intervals. However, this information could be re-
corded manually directly onto the dynp.graph recording 
paper as the time interval lengths were being recorded. 
Two dynagraphs were available for use: (1) A two 
channel recording dynagraph - A Brush Development Company 
Type BL 202 - which was used for the first two tests per-
formed when information concerning time interval lengths 
and their corresponding resistor circuits was required, 
and (2) an eight channel recording dynagraph - Offner 
Type R - which was used for the third test performed, when 
information concer,ning queue lengths was desired in addition 
to the above information. 
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Two modifications of the queueing simulator were re-
quired before the dynagraphs could be utilized. The ran-
dom time interval generator sections had to be modified so 
that the voltage across the timing capacitor could be re-
corded by the dynagraph to measure the time interval 
length. This modification and the parts required for it 
are shown in Figure 11. It should be noted that both ran-
dom time int~rval sections were modified identically, and 
that this modification simply required the addition of an 
external plug so that the dynagraph could be attached to 
the system. 
The second modification was made to facilitate the 
recording of the queue count, or rather a count of the 
total number in the system - in service and waiting - arid 
was considerably more extensive than the first modifica-
tion. In fact, it required removing the original queue 
count section and installing a. new section. The new or 
modified queue count section is shown in Figure 12. The 
materials required for the modified queue count section 
are listed in Parts List 60 
Two persons were required to collect data concerning 
the identities of the resistance circuits responsible for 
the various time intervals - one to read the resistance 
circuit identity directly from the simulator and one to 
record this information onto the recording paper adjacent 
to the time interval data recorded by the dynagraph. 
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PARTS LIST 6 
Modified Queue Count Section 
Par,t Part Mfg. 
Noo Descri12tion Specifications Manufacturer ~ 
AS-Rl-1 Add and Subtract 40 PT llOVAC Guardian IR-RAS 
Relay 
S-2,S-6 Switch SPST Arrow-Hart and 20994-BF 
Hegeman 
C-4,C-5 Capacitor .47mfd 600VDC Mallory PVC 6047 
C-10,C-ll Capacitor .lOOmfd 150VDC Sprague TVA-1420 
C-12 Capacitor lOOvtd 150v. Sprague TVA-1420 
C-13 Capacitor .lmfd 200VDC Sprague 2TM-PIO 
C-14 Capacitor 2mfd 200VDC Sprague 118P-
2059252 
C-15 Capacitor lOOmfd 25 VDC Sprague TVA-1207 
SR-4, SR-5, 
SR-6 Silicon Rectifier 750ma 600 PIV Texas Instruments IM547 
P-81 Potentiometer 500 kQ linear Mallory SU-50 
taper 
R-4 Resistor lkQ 2 watt IRC Carbon SR-2 
.j:::-
I-' 
PARTS LIST 6 (Continued) 
Part Part 
Noo Descri12tion S12ecifications 
R-5 Resistor 270Q 1 watt 
R-6 Resistor 3 o 3MQ i watt 
R-7 to R-45 Resistors 9.lkQ 1 watt 
Rl-3 Relay~ Plate 10 ,000 Q 
T-2 Electron Tube 
Female 
Plug To fit recording device 
Manufacturer 
IRC Carbon 
IRC Carbon 
IRC Carbon 
Guardian 
G.E. 
1'1f g. 
~ 
GBT-1 
SR-i 
SR-i 
2001'18~ 4PDT 
2D21 
+" 
I\) 
C·II c~10 
P-81 © 
---~--~--~--..._---@ 
O FEMALE ® 
PLUG 
SR-5 
C-5 
t • Pin No. I 
R.1- 3 T-SI 
Figure l2o Modified Queue Count Section 
Figure 13 provides a view of 
Offner Dynagraph, the author 
.\. 
the 
1!' 
aha 
queueing simulator, 
his wife prepat•.e,d to make 
a data runo Figure 14 sh-0ws a portion of a recording made 
with t;b.e two channel recordero The numbers which read 
from the bottom of the page identify the particular resis-
tor circuit which was responsible for that particular time 
interval. The U or D reveals whether the Up or Down sec-
tion was invol vedo The numbers, which read from the 
sides, are the lengths of the various time intervals in 
centimeters. This recorder was adjusted to have the re-
cording paper pass the recording pens at a rate of one 
centimeter per second, so these numbers· als'o gi"ife the· 
lengths' of the time interval in seco·nds o The left portion 
corresponds to the service section· of the queueing .. simula-
tor, the right to the arrival o Figure 15 shows: a portion 
of a recording made with ~che Offner Dynagrapho ~fi::tiis· re:.. 
corder was operated at the rate of o5 centimeters per 
second .. ; therefore~ the lengths in centimeter·i3; represent a 
time interval of twice the corresponding magnitude .. · 
The righthand channel records the number in the system 9 
which.will be called queue lengtho Each step'i it will be 
noted 9 corresponds to the end of a time interval and iridi-
cates the, occurrence of either a service or an arr-i val o 
-
It will also be.noted that when the queue count is zero 9 
the voltage recorded for the service channel does not 
change. This is due to the .fact that the service facility 
Figure 1 3 . A Typical Data Recording 
Session With the Offner 
Dynagraph 
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is empty and no unit is being serviced. 
The numbers adjacent to the queue count recording 
are the queue count and the length of duration of this 
condition (centimeters). 
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CHAPTER VI 
EVALUATION PROCEDURE AND DATA 
The evaluation of the adequacy of the queueing system 
simulator wb.ich has been developed was di.vid.ed into three 
phases e 1rhe first was to determine if the number of times 
each res is tor circuit is (!al led upon to generate a time 
interval is uniformly d:istri.buted (each resistor has an 
equal probability of being called upon for each time 
• .L. 1) d . d t .. .f' 1- - t• . . ... :tn(;erva . , an t;o e erm.1.ne 1. ... ,. a rec ·,.,angu.lar ime 1.n,:;e:rYa1-
distribution can be generated by adjusting each resistor 
to the same value. 
The :r;-esistance required to yield a ti.me interval one 
centimeter long on the Brush Dynagraphwas determined for 
both the arrival section and i;he service section. These 
two valuE;';:s were different. Then, each resistor was ad-
justed to the value determined for its section using a 
Simpson Model 260 Volt-Grun meter.. The results are sh01,;rn 
in Figures 21, 22, 23, and 24 (Appendix B)o 
The purpose.of the second :phase was to determine if 
the two portions of a single section could be adjusted to 
produce similar distributions, and, thus~ demonstrate that 
the distribution generated could be controlled.. This phase was 
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performed by adjusting a set: of' values into the upper set 
of resistors in the arrival sectiono These resistors were 
set by a trial and error procedure to produce a desirable 
distribution. After. setting a resistor circuit, the gen-
erator would be adjusted to produce a series of constant 
time intervals from this circuit. Then~ the intervals 
would be measured a.11.d if necessary the resistors set againo 
After the upper set of resistors had been ad{justed thusly, 
the lower set was adjusted using the volt=ohm ro.et:ero 
After the resistances of the lower set of resistors 
were adjusted as closely as possible to the upper set, the 
Brush Dynagraph was used to record the time interval lengths 
generatedo Figure 25 (Appendix B) shows thi.s set of datao 
The purpose of the third phase was to determine 
whether predetermined distributions could be simulated and 
to evq..luate the operation of the queue count section~ 
This phase was designed to evaluate the entire queueing 
system simulator. Exponential distributions with mean 
times of 13.3 seconds and 10 seconds were selected for 
simulation. Using these mean times, times corresponding 
to each 1.25 per cent :increment of CT.l.filulati ve :probability 
were calculated. These values were determined as follows: 
1. f(x) = µe-p.x 
2o f(x) was integrated to yield F(t) 
t 
F( t) ,:{ f(x)dx 
0 
-µt 
::1-e o 
3o F(t) was set equal to O~ 00125~ 00250, 00375, 
0 0 0 ' 09875, laOOOO. 
4o Defining i: = ~ and using the value P.a = .075 
andµ = .10, the various values oft were 
s 
calculated. For example 9 F(t) = 00125, 
µ = olO 
1 - -µt .. 9875 e = 
µt 1.0126582 e ::::, 
P.t ~ .0126 
t ~ .126. 
The time for resistor circuit numbers 1 and 2 was 
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selected as the time corresponding to F(t) = .025 or the 
time corresponding to the mid-point of the first five per 
cent of the cumulative distribution curve. Thereafter, 
the time interval for each resistor circuit was selected 
as the sequential mid-points of sections.2.5·per cent wide 
taken from the cumulative distribution curve. Figure 29 
(Appendix C) .shows these :mid--.point'times and the times whi.~h " 
correspond to the edges of the sections~ The resistance re-· 
quired.to~ produce each' of ·the: desired. times was then determined 
using resistance-time curves (Figure 16). Data from the. 
previous phases, as well as supplementary data,· was used to 
52 
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Figure 16. Resistance-Time Curves 
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plot the resistance-time curves. It should be noted that 
the curves for the two sections differ. It is expected 
that the c~rves for all random time interval generators 
will differ due to manufacturing tolerances of the compo-
nent parts. After the required resistance was determined 
for each resistance circuit, the resistors were adjusted 
using the ohm meter. Difficulty was experienced at this 
point due to the fact that the resistors were rather 
coarse and did not lend themselves to fine adjustments; 
also, some had a tendency to move slightly after they were 
set. 
Upon completion of "setting the distributions, 11 the 
queue count section was added to the circuit and the 
Offner dynagraph was attached. The data thus collected 
and analyzed is shown in Figures 26, 27, and 28. Figure 
26 (Appendix B) shows data concerning the individual parts 
of the random time interval sections, giving the resistor 
circuit numbers and the time interval lengths from the 
corresponding resistor circuits. Figure 27 (Appendix B) 
shows the queue count data providing a log of the various 
time intervals that the queue (total number in the system) 
was of various lengths and the total length of time that 
the various lengths occurred. Figure 28 (Appendix B) 
shows data compiled to test the hypothesis that the number 
of occurrences of each resistor circuit is rectangular. 
It contains data concerning the number of occurrences 
which was collected in an extended run. 
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During the progress of the third phase? some effects 
of wear were noted in the operation of the simulator. At 
times, the resistance circuit stepping relays failed to 
step properly~ the relay to switch from one stepping 
switch to the other failed to operate properly 1 and the 
queue count would either fail to add with the occurrence 
of an arrival or else woul.d subtract two when a service 
occurredo Thus, it was expected that the variance of the 
time distributions would be large and that the mean queue 
length would be lOWo 
CHAPTER VII 
EVALUATION OF DATA 
The data for the first phase of evaluation was used 
to test the hypothesis that each resistor circuit would be 
called upon to generate time intervals the same number of 
times as any other, and to examine the lengths of the time 
intervals thus generated to determine if the author had 
been able to generate the desired rectangular distributiono 
The data of Figures 21 to 21.,L was used to calculate X 2 
(chi-square) values which were used as test statistics. 
The chi-square critical value was determined by in-
terpolation of values given by Snedecor (3). 
Degrees of 
Freedom 
30 
39 
40 
x2 ( df, .05) 
43.77 
55.76 
x2 = 43.77 + ...2...10· (55-76 - 43.77) 39,.05 
x 2 39 ' • 0 5 = 54. 56. 
The hypothesis will be accepted if the test statistics are 
less than this chi-square value. 
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Calculati.on of the test statistics reveal them to be: 
Arrival Up 
Arrival Down 
Arrival (Combined) 
Service Up. 
Service Down 
Service (Combined) 
Section 
Section 
x2 
40.16 
53088 
40 .. 56 
47.57 
31.os 
36.56 
Thus, one is able to accept the hypothesis that the 
number of times that each resi.stor circuit is called upon 
is uniformly distributed. The time interval lengths were 
examined visually. It is obvious that the lengths do not 
agree with the circuit numbers, but it is also obvious 
from Figures 21 to 24 that all values which resulted from 
a given circuit do agree rather closely. In consideration 
of this visual examination, it was felt that the time in-
terval lengths could be controlled and, thus, a desired 
distribution be generated, but the setup could not be per= 
formed by the method used in this phase of evaluation. 
The second phase of evaluation was performed to con-
firm that a desired distribution could be generated, as 
explained earlier (p. 49), only one random time interval 
generator section was used for this phase. 
The hypothesis that two identical distributions could 
be generated using tne two parts ot a random time interval 
section was evaluated by comparing the means and variances of 
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the ti.me interYals genere:ted. 
Calculation of the means and variances of the data of 
Figure 25 reveals them to be: 
Mean 
Upper Part 
Lower Part -·i 67 :) • .L ... 
Variance 
1.56.85 
155.88 
No test was performed to compare these values, as 
they are from an unknown distribution. However, it is 
felt that the closeness of these values does indica-te that 
this hypothe$is is correct. At least., it reassured. the 
author to the degree that the third phase of a-valuation 
was performed. 
In the third phase of evaluation, the author attempt-
ed to test the hypotheses accepted in the first phase, as 
well as evaluate a method of pre-establishing a desired 
distribution and simultaneously evaluate the complete system. 
The first hypothesis tested in the third phase of 
evaluation was the hypothesis accepted in the first phase 
II each resistor circui·t would be called upon to generate 
time intervals the same rru.mber of times as all other re-
sistance circuits. ov Calc-ulation of the chi-square tes-t 
statistic for each of the individual parts and the two 
sections from the pertinent; data shown in Figure 28 reveals 
the statistics to be: 
x2 
Arrival Up 48.78 
Arrival Do'Wn 47.53 
Arrival (Combined) 48.05 
Service Up 
Service Down 
Service (Combined) 
22063 
29.87 
25ol2 
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Comparison of these values with the critical value of chi 
square ~\39, .05) = 54056] determined in the fi;rst test 
again permits the acceptance of this hypothesis. 
The second hypothesis tested in· thi.s phase o:f evalua-
tion was the hypothesis that it was possible to generate 
distributi.ons determined in advance. As previously stated~ 
-t/x 
the distributions selected were exponential (f ( t ,x) = e x. ) 
with event r?tes o.f 1/x = .075 and .10. 
This hypothesis was tested by using maximum-~ 
likelihood estimators as suggested by Mood (:L) .. 
The Maximum-likelihood estimators ~1 , ~ , 
••• , '@' J for parameters of a density func-
tion rtx.; .Si , 02 , •• ~ , ek ) from samples of 
size n are for large samples approximately 
distributed by the multi-variate normal 
distribution with means 81, 8 2 , ••• , ek and 
with coefficient 11 not l n in the quadratic 
form when . 
d2 . . 
0' 1 ., = -ECael d62] log f (x., ' 81 ,_ 82 ' ••• ' 811:). 
The variance$ and covariances of the esti-
mators are fl i0'1·.1 1t whe:ve llcr1.,·n = ncr13 ·,r-1 • 
le-"t;x In this case, f(t,x) = x 
log f(t,x) l t = log - - -x x 
d log f(t,x) 1 t di = - i + xr 
d2 1 2t ~ log f(t,x) = xr - x3 
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0" = 
d2 
... E[di!° log .f(t,x)] 
= 
E( 1 2·t) 
- iT - ~ 
1 2 
where E(T):, X :,: 
-~ + -.;;s- E(T) x ' 
1 
= i_r· 
Now 11°1111 = tt 01111-1 
so n °1111 = x2 
I"( 
~ which and 11 v!l 11 = is the variance. 
So, the standard deviation of the maximum likelihood esti-
t . x ma e OX l.S rn• Also from Mood (1): 
If f Cx1 , X2 , • •., Xn, e) is the density func-
tion for a random sample of size n drawn from 
a population with an unknown parameter ~ then 
the maximum likelihood estimator of e is the 
num~r '&, ·if it exists such that f (x1 , Xi , ••• , 
Xn; 0) > f(x1 , Xi , ••• , X 11 , 81) Where 0' is any 
other possible value of e. 
To find x, the likelihood estimator, (log n f(t., x) will 
i=l 1 
be maximized. " 
n 
L = log n f(t., x) = 
. 1 l. l.= 
n 
-t; 
= I; log cl e x) 
i=l ~ 
n 
1/x-
I; ti 
n log i=1 = x 
dL n + I;t 
dx = - x i_r 
n 
I; log f(ti, x) 
i=l 
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Setting dL dx = O 
Referring to Figure 26 for the various values of n, confi-
dence limits can be found to use in evalu.ating the da:tao 
..,. x 
n .:!:. 0 i = rn x- 3o- x+ 3d-x x x 
Arrival Up 446 .075 .6313 11.44 15028 
Arrival Down 447 .. 075 16307 11.44 15.28 
Arrival Combined 893 0075 .4462 11.99 14067 
Service Up. 457 .. 10 .4677 s.59 11.40 
Service Down 450 .10 .4715 8.58 11.41 
Service Combined 907 .10 03320 9.00 11.00 
~t. 
Calculation of n1 for the relevant data of Figure 26 
yields the following values for ~: 
~ 
Arrival Up 12.350 
Arrival Down 14.118 
Arrival Combined 13.263 
Service Up 10 .. 076 
Service Down 10 .. 036 
Service Combined 10 .. 056. 
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Thus, one may accept the hypothesis that it is possible to 
generate time interval distributions with predet~rmined 
distributions and parameterso 
In passing, one also notes that the standard devia-
tions, which for the exponential distribution should equal 
the mean, (shown below) of this data also falls within the 
above limits: 
Standard Deviation 
0 
Arrival Up 12006 
Arrival Down 13.28 
Arrival Combined 12.80 
Service Up 8.84 
Service Down ·10.00 
Service Combined 9.94. 
Thus, there is an indication ·that·the standard deviations 
are not s:i.gnificantly differe:q.t from the desired means, 
and that the researcher has $UCceeded in generating expo-
nential distributions with mean times of 10 and 13.33 
seconds. 
.'.) 
Further calculations show the'two sigma limits for 
th~ maximum likelihood estimator to be 
x- 2<:J-x x + 2ai 
Arrival Up 12.07 14-.60 
Arrival Down 12.07 14.60 
Arrival Combined 12.44 14.22 
Service Up 9.06 10.94 
Service Down 
Service Combined 
~~ + 2cr.~~~ 
.K 
10 0 94· 
When the means a....11.d. standard deviations are compared 
to these tighter limits that of the twelve values listed 
above only two fall beyono. themq 
The final portion of the third phase of evaluation 
involves examir1ing the queue which was generatedo The 
probabili t;y of a.. s:i:mple queue with e::xponent:ial arrivals 
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and services s·,1ch as the one s:imulated being in any state 
n is given by Morse (2) to be 
so 
p 
n 
x 
n s 
- p-~p where p "' x-· 
0 p 
X , XA ··- means s .ti 
f(n) '·"' (1 - p)Pn 
The maxi.mum likelihood estimator will be found as before: 
L 
·-
-
= 
n 
log ·n; f(x. ~ p) 
i=l l 
n PX.; 
log n (1 - p) .L 
i=l 
n :x:. 
~ log(l p)p l 
-
i=l 
n log~l - p) + ~xi log p 
·x. - Number in system 
l 
dL Ex. n + _1. n = Total number time of unit dp = - 1-P P 
time periods. 
•I 
This researcher proceeds in a manner similar to his 
previous procedure to determine the distribution of this 
statistic: 
where 
O'ij 
= 
[ d2 
-E de.de. 
l. 0 
log f(x, al 02 
tr 
O' II 
= 
[ d2 XJ 
-E dpt log (1 - p)p 
= ~E[ddp (~ --I~P)] 
= [px 1 J 
-E _;:;-r - { 1 - p)z 
= ~ + t1·-l p)2 
00 
E(x) =L xi (1- P)P xi 
i=l 
.... ) J 
= ( 1 - p) (p + 2p2 + 3P', + .... + np~ + ••• 
E( x) ( 1 : p ) = .p + 2rJ, + 3P' + • • • n rf- + .••• 
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Thus 
and 
so 
E(x) = p +p2 +P' + • • • + pn + •. • 
pE(x) = p2 + p3 + p" + oe • p0-+l • • • 
E(x) - _,..£.._ 
- 1 ... p 
II ' P 1 
(J = p 2 ( 1 - p) + ..,...( ,,_l .... _-p ..... )..... 2 
1 
= P. ( l - p)2 
O'n = p(l - P)2 
so o (stand~d deviation)= f p(l -np)Z 
where n = number of observations of unit length, or 
For this distribution 
P .:fil.2 10 .00 5 
= .100 or 13.333 = .7 
Olp = (1- .75) r 595Z?75 n from Figure 27 
= .00282. 
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The 30 confidence limits (p± 3ap) are now found to be 
.75 t .00846 or .74154 and -75846, while 
Ip'= -~-x=i=--
n + ~xi 
= .74134. 
17055.8 
17055.8 + 5950.78 
Thus, it is found that the hypothesis in this last test 
must be rejected. It must be noted; however, that this 
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low value was expected due to the occasional malfunction 
of the worn add and subtract relay in the queue count 
section which was mentioned on page 54. 
CHAPTER VIII. 
CONCLUSIONS 
It is concluded from the results of the foregoing 
tests, that the random time interval sections do utilize 
each resistor circuit approximately the same number of 
times in generating a set of time intervalso Furthermore, 
·it is concluded that the lengths of the time intervals re-
sulting from these· resistor circuits can be controlledo 
Hence, it is concluded that this system can be used to 
generate time intervals from any desired distributiona 
This ability was demonstrated for three distributions. 
Even"though the.attempt to simulate a queue .of pre-
dictable characteristics failed, it is felt tha·t this 
failure was due to the failure, due to wear, of a partic-
ular part rather·tha.n a failure of the total system. 
Therefore, it is felt that the total system has been 
demonstrated to be capable of simulating simple queues in 
its present form. 
The device makes available a means of examining 
queues with "exodi t" (other than exponential based) queues 
without the necessity of using digital comp'U,ters as simu-
lation devices;additionally, it can be used to simulate 
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many types of "Monte Carlo" problems, inventory problems, 
production control problems, manufacturing lines, and 
materials handling problemso 
It has, in another study, proved useful in examining 
the spacing of the empty service facility occurrences due 
to its data printout formo 
This device makes available to the classroom a means 
of simulating and observing and studying Monte Carlo sit-
uations without having to resort to the time consuming 
procedure of observing industrial situations or the labo-
rious procedures involved in hand simulationo 
The simulator will permit the student to control 
various statistical parameters such as the arrival and 
service distributions of queues, in order to experience 
the effects of these changeso By c~~cting two or more 
units, complex situations may be demonstrated and studied 
to show or study the effects of parallel or series systems. 
The random time interval units alone can be used in-
dividually to serve as the timing unit for motion pictures 
to be used for work sampling studieso They may also be 
used to time quality control sampleso For that matter, 
they can be used whenever a series of random time inter-
vals are desiredo The only limits on the time intervals 
and distributions are limits imposed by the si·~s of the 
resistors _and number of resistor circuitso Thesf:l limits 
can be overcome if necessary by the design of a special 
ilnito 
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The existing units can be imp:r?oved in several ways it 
is felt. Likely, the most drastic improvement would be to 
redesign the entire system to use solid state components 
rather than tubes and relays. This would overcome the 
component reliability problem which was encountered near 
the end of the testing as well as greatly reducing the 
noise level. A much less drastic change, which it is felt 
would be of considerable benefit, would be to replace 
relay Rl-1 with a single pole single throw relay of the 
same size and type~ and use this new relay to control a 
110 volt a.c. relay which would control the circuits which 
Rl-1 now controls. This change would insure the positive 
action of the various circuits controlled at the present 
by Rl-1. Several advantages could also be gained by con-
structing three separate units 9 two random time interval 
. . . . .. 
generator units and a queue count unit~ rather than a 
single system such as was constructed and is shown in the 
present design. This would provide the advantages of 
remote operation of the random time interval generators, 
and would also permit the operation of only those compo-
nents needed at a particular time. 
The process of setting up a distribution and adjust-
ing the potentiometer to the desired values is at the pres-
ent time a very laborious and time consuming procedure. 
It is felt that this difficulty can be partially overcome 
by the use of l 1oga:r;it;bm.Hfa;ll.y:, tapeci-ep. potentiometers in 
the resistance circuits rather than the presently used 
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uniformly tapered ones and then by the use of a wheatstone 
bridge rather than a standard ohm meter to determine the 
resistance. The process will still be slow and time con-
suming, but not as slow as with the present systemo 
This research and development should be continued to 
devise means of utilizing the present system to simulate 
more complex systems and to use it as a tool to investi-
gate systems and system phenomena which cannot be readily 
investigated by other means. 
(1) 
BIBLIOGRAPHY 
Mood, Alexander M. Introduction iQ. the Theory Qf 
Statistics. New York: McGraw-Hill Book Co., 
Inc., 1950. 
(2). Morse, Philip M. Que~, Inventories, and 
· Maintenance. New York: John Wiley and Sons, 
Inc., 1958: 
(3) Snedecor, George W. Statistical Methods, 5th ed. 
Ames, Iowa: The Iowa State College Press, 1956. 
70 
APPENDIX A 
SHOP MADE PARTS 
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APPENDIX B 
EVALUATION DATA 
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Resisto:r;-
Circuit Time Intervals l"lean 
Number (Sec) Time 
1 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1 1.0 
2 2, 2, 2, 2, 2, 2, 2, 2, 2 2.0 
3 3, 3, 3, 3, 3.0 
4 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4 4.0 
5 5, 5, 5, 5, 5, 5, 5, 5') 5, 5, 5, 5, 5 5.0 
6 6, 6, 6, 6, 6, 6 6.0 
7 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7 7.0 
8 8, 8, 8, 8, 8, 8, 8, 8, 8, 8 8.0 
9 9, 9, 9, 9, 9, 91, 9, 9! 9.2 
10 10, 10 ') 10, 10, 10, 10, 10, 10 10.0 
11 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 11~ 11 11.0 
12 12, 12, 12, 12, 12, 12, 12, 12, 12, 12, 
12 12.0 
13 13, 13, 13, 13, 13, 13 13.0 
14 14, 14, 14, 14, 14, 15;, 14.2 
15 15, 15, 15 15.0 
16 15') 15i, 16, 16, 16, 16, 16, 15, 16, 15, 
16, 16 15.7 
17 16t,, 18, 17, 16, 16 16.7 
18 17, 17!, 18, 17' , 81. 17, 18, 17, 18, 18, .l. 2 , 
18, 18, 18 17.8 
19 18 , 18 , 19 , 18 , 19 18.4 
20 191, 19, 18, 20, 20, 19, 19, 19 19.3 
21 2ot. , 20 , 1 9 , 20 , 21, l: 20, 20i, 201?., 20, 
20, 20, 20, 20, 20, 21 20.0 
22 21, 21, 21, 22, 21, 21!, 21, 21, 21, 21, 
21, 21, 21, 21 21.1 
23 22, 22, 22, 22, 2lt, 22, 22, 22, 22, 211' 
22 21.9 
24 23, 21, 22, 23, 23, 24 9 22' 23, 23' 22i 22,7 
25 24, 23, 24, 24, 24, 24i , 2 3 , 24 , 2 3 , 24, 
24 23.7 
26 25, 24, 24, 23 
. ' 
25, 24, 25, 24, 25 24.3 
27 25, 1. 25"!?., 25, 25i, 26, 25, 25i, 26, 25, 
25, 25 25.3 
28 26, 26, 27, 26-~' 26, 26 26.2 
29 27, 27, 26i, 25, 26, 27' 27, 27, 26, 27 26.7 
30 28, 28, 28, 29j 28, 28 28.1 
31 28i, 28, 28i, 29, 29, 30, 28, 29, 29 28.8 
32 29i, 29, 29, 29, 30, 30, 30 
30!, 
29.5 
33 30, 31, 30i, 30, 30, 30!, 30, 30, 
31, 20 30.3 
34 30, 31, 31, 31, 31! 
Figure 21. Uniform Distribution Data - Arrival Up 
Resistor 
Circuit 
Number 
35 
36 
37 
38 
39 
40 
Time Intervals 
77 
Mean 
Time 
, _______________ , 
31, 31, 32, 32, 33, 30, 33, 33, 32, 32, 
31, 32 
32, -32i, 31 , 32i , 32;, 
33!, 34, 32, 34, 34, 33, 33, 321, 33, 33 
34i, 33, 35, 33!, 34, 33 
35, 34, 35, 35, 34i, 35, 35, 35 
36, 35, 35, 35, 35~ 35i, 36, 37, 37i, 
35!, 36, 36, 35 
Figure 2l. (Continued) 
31.8 
32.1 
33.2 
33.8 
34.8 
35.7 
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Resistor 
Circuit Time Intervals Mean 
Number (Sec.) Time 
1 1, 1, 1, 1, 1, 1, 1, 1, 1 1.0 
2 2, 2, 2, 2, 2, 2, 2, 2, 2 2.0 
3 3' 3, 3, 3, 3, 3~ 3, 3' 3, 3, 3 3.0 4 4, 4, 4, 4, 4, 4, 4, 4, 4 4.0 
5 5, 5, 5, 5, 5, 5, 5, 5, 5, 5 5.0 
6 6, 6, 6, 6, 6, 6, 6, 6, 6, 6 6.0 
7 7' 7, 7, 7, 7, 7, 7, 7, 7, 7 7.0 8 8, 8, 8, 8, 8, 8, 8, 8, 8 8.0 
9 9, 9, 9, 9, 9, 9, 9 9.0 
10 10, 10, 10 10.0 
11 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 
11, 11, 11, 11 11.0 
12 12!, 12, 12, 12, 12, 11, 12 12.0 
13 1\: 13, 13 ij 13, 13, 13, 13, 13 13.0 
14 132, 13}, 13!, 14, 14 13.7 
15 15, 15, 15, 15, 15, 15, 15, 14f, 15, 
15, 15 15.0 
16 16, 16, 16, 15}, 16, 16, 16, 16, 16, 
17, 16, 16, 16, 151, 16, 16 16.0 
17 17, 16, 16, 17, 17, 17, 17, 17, 16}, 
16}, 17 16.7 
18 18, 17, 18, 17, 17, 18 17.5 
19 18, · 18, 18, 19, 20, 18, 18}, 19, 18, 
18, 19, 18, 18 18.4 
20 19, 19, 19, 19, 19 19.0 
21 20, 20, 21, 20 20.3 
22 21, 21, 20,, 22, 21, 20, 21, 21 20.9 
23 21}, 22, 21, 22, 22, 22, 22, 23, 21}, 
22, 22 21.9 
24 22, 22!, 23, 22, 24, 23f, 22, 23, 23, 
22i, 23, 22, 22 22.5 
25 23, 24, 23, 24, 23i, 24, 24, 24, 24, 
23, 24, 23f, 23 23.6 
26 24, 24, 24}, 24, 24, 24, 25, 24~ 2 24. 3 
27 25, 26, 25}, 25, 25, 27, 24, 26 25.4 
28 26, 25, 26, 26, 26, 26t, 26, 26, 26, 26 26.0 
29 26, · 27, 25, 27, 26, 27, 27, 27' 26f, 271' 
27, 26! 26.6 
30 28, 27, 27, 27, 28, 28, 28, 28!, 28, 28 27.8 
31 28, 28!, 28!, 28, 28 28. 2 
32 29, 29f, i 29' 30, 29 29.3 292' 
33 30, 30, 30, 30, 30, 30, 31 30.1 
34 31~ 2' 30, 31, 30t, 31, 31, 31, 31, 31, 30 ·30.8 
35 31, 31, 31, 31, 31 31.0 
Figure 22. Uniform Distribution Data - Arrival Down 
Resistor 
Circuit 
Number 
36 
37 
38 
39 
40 
Time Intervals 
(Sec.) 
31, 32, 32, 32, 36, 33, 33, 32, 34, 32 
291 , 3 3 , 34 , 3 5 , 3 3 , 3 3 , 3 3 , 3 3 
34, 34, 34, 35, 341, 34, 34, 35, 32 
35, 34, 35, 35, 35, 34, 35, 34i, 34i 
34i, 35, 35!, 36, 35, 37, 36, 35, 35, 36 
Figure 22. (Continued) 
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Mean 
Time 
Resistor 
Circuit 
·Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
Time Intervals 
(Sec) 
1, 1, 1, 1, 1, 1 
2, 2, 2, 3, 2, 2, 2, 2, 2, 2, 2, 2, 2 
3, 3, 3, 3, 3, 3 
4, 4, 4, 4, 4, 4, 4, 4 
5, 5, 5, 5, 5t, 4i, 5, 5 
5, 5, 6, 6, 6, 6 
7, 7{ 7, 7, 7 
8{ 7t, 8, 8, 7, 8, 8, 8, 8, a, a, a, at, a 
Bt, 9, io, Bi, 9, 9, 9, 9, Bi, Bi, 10, 9 
9, 9i, 9, 9i, 9, 10 
10, 10, 1ot 
lli, 11, 11, 11, 11, 11, 11, 11, 11, 12 
12, 12, 12, 11, 13, 12, 12, 12, 12, 12, 
12 
13t 13, 13, 13, 14i, 13, 13, 13, 13, 13, 
13 
13 , 14, 14, 14, 14, 15, 14, 14 
15, 16, 14i, 15, 15, 16, 15, 15, 15i 
16, 16, 15, 151 
16, 16 , 16, 17 
17, 171, 18, 17, 17, 18, 17, 17, 17 
18, 18i, 18, 19, 18, 18, 16i, 18i, 18, 
18, 19. 
20i, 21, 19, 20, 19 
21, 19, 191, 20, 19i, 21, 20, 20, 20, 211 
211, 20, 21, 21, 20, 20i, 201, 20, 21, 
20i, 22 
2li, 21, 22, 21{ 21, 22, 22, 21 
22, 22, 22t, 21 t, 22, 23, 22, 221, 23 
. 23, 23, 23, 23i, 23i, 23 
24, 24, 24, 27, 26, 24, 24 
24i, 25, 27, 241, 25, 25, 25, 25, 24\ 
25, 26, 26, 25, 25i 25, 25i, 25!, 26, 26 
26 , 27 , 26 , 29 , 26t , 26 
27; 27, 27, 27, 26, 28, 27, 27, 26, 26 
25~ , 28 , 28 , 28 , 30 , 28 , 29 , 271 , 28 
29, 27, 30, 31, 31, 29, 28, 28, 29, 29, 
28, 29, 28 
29 , 30-? 29 , 30 , 30 , 29i , 29 , 29i , 29 
31, 29!, 30, 30, 31, 30i, 33, 30, 30, 30, 
30, 30, 3bi . . 
31, 30, 30, 31 , 31, 30i, 32, 34, 34, 31, 
30~ 31, 3li, 31, 29 . 
32t, 32, 31, 31, 32, 31t, 31i, 32, 32 
32, 32, 32, 32, 36, 33, 32, 32, 33 
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Mean 
Time 
1.0 
2.0 
3.0 
4.0 
5.0 
5.7 
7.0 
7.9 
9.0 
9.3 
10.2 
11.2 
12.0 
13.2 
14.1 
15.2 
15.6 
16.2 
17.3 
18 .• 1 
19.9 
20.2 
20.6 
21.4 
22.3 
23.2 
24.7 
25.1 
25.5 
26.8 
26.8 
28.0 
28.9 
29.4 
30.4 
31.1 
31.7 
32.7 
Figure 23. Uniform Distribution Data - Service Down 
Resistor 
Circuit 
Number 
39 
40 
Service Down 
33, 33!, 33, 33, 33, 33 
34, 34, 34, 34, 34, 33, 33, 33i, 33, 
3 3 , 34 , 34 , 34 , 34 
Figure 23. (Continued) 
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Mean 
Time 
33.1 
33.7 
Resistor 
Circuit 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
Time Intervals 
(Sec) 
1, 1, 1, 1, 1, 1, 1, 1 
2, 2, 2, 2, 2, 2, 2, 2 
3, 3, 3, 3, 3 
4, 4, 4, 4, 4, 4, 4, 4 
5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 5, 
5, 5 
6 , 6 , 6 ' 5! ' 6 ' 6 ' 6 9 6 ' 6 
7, 6, 8, 7, 7, 7, 7, 7, 7, 7 
8 , 8 , 8 , 8 , 8 , 8 , 7i, 7 , 8 
9, 9~ 9, 8, 8, 9, 9, St, 9, 9, Bi, Bi 
10, 9, 9, 9, 9, 9, 9t, 9i, 10, 10, 9, 9!, 
10, 10, 9i 
11, lOi 
11, 13, 11, 11, 11!, 11 
12, 12, 12, 12, 13, 12, 12, 12, 12! 
13i, 13, 13, 13, 13, 14, 13, 13 
14, 14, 14 
15, 15, 15 
16, 16, 16, 16, 18, 18, 16 
16, 16t, 17, 15, 17, 16, 16!, 17, 17 
181 18, 17, 18, 19, 17, 17, 18 
181, 18, 18, 19, 18i, 18!, 19, 19, 20, 18, 
18,i, 18 
20, 19, 19, 191, 19, 19, 19 
20, 21, 21, 191, 20 
21, 21, 21, 20, 2li, 21, 21, 21, 21 
23, 22, 22, 21, 22, 25, 22, 22, 22, 22, 
22, 22, 22 
23!, 23, 23, 25, 22, 231; 23, 23, 23, 23 
23, 24, 23, 24, 26, 26, 24, 24, 24, 24, 
23, 24 
24i, 24, 25, 25, 25, 24, 28, 25, 24, 25 
25, 25, 25, 26, 25, 25i, 25, 28, 25i, 
25, 26, 25 . 
25, 25, 25!, 26~ 26, 25, 26, 25, 27 
27, 27, 26!, 27t, 26!, 28, 27, 26, 26i, 
27, 27, 27, 27, 27, 27, 26 
28 , 28 , 28, 28 , 28 , 27i, 28, 27 
29, 28, 28, 29, 28, 28, 29 
29, 29, 28i, 29, 29, 29, 30, 30, 29 
29, 30, 30, 30, 29, 30~ 30i, 30 
3ot, 31, 30, 31, 31, 31; 
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Mean 
Time 
1.0 
2.0 
3.0 
4.0 
5.0 
5.9 
7.0 
7.8 
8.? 
9.38 
10.7 
11.4 
12.2 
13.2 
14.0 
15.0 
16.6 
16.4 
17.7 
18.6 
19.2 
20. 3 
20.9 
22.2 
23.2 
24.1 
25.0 
25.53 
25.81 
26.9 
27.8 
28.4 
29.2 
29.8 
30.8 
Figure 24. Uniform Distribution Data - Service Up 
Resistor 
Circuit 
Number 
36 
37 
38 
39 
40 
Time Intervals 
(Sec) 
31 , 30, 31 , 32, 32, 31 
32, 31, 3lt, 32, 32, 33, 33 
33, 331, 34, 32i, 32, 33, 33, 33, 33, 
331, 33, 34, 33, 33, 33 
3 3, 34, 3 3, 34, 33, 34, 34 
34, 3 3i, 35, 35, 37, 34, 34 
Figure 240 (Continued) 
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Mean 
Time 
31.2 
32.1 
33.1 
33.6 
34.6 
Resisto·r. 
Circuit 
No •. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
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Upper Section 
Time Intervals 
· 1.2, 1.2, 1.2, 1.2, 1.6, .1.6 
8, 8, 8, 8, 8, 8, 8 
12.8~ 12 .• 8, 12,8, 12.8, 12~8, 12,8, 12,L.J.., 12,8, 
12.4, 12, 12.8, 12.4 
12.8, 12.8, 12.8, 12.8, 12.8, 12.4, 12.8, 12.8, 
12.8, 12.4, 12.8, 12.LJ-, 12~8, 12.8 
17.2, 16.8, 16.8, 16.8, 16.8, 16.8 
16.8, 16.8, 16.8, 16.8, 17.2, 16.8 
20, 20.4, 20.8, 21~2., 20.8, 21.6, 20.8; 20.8, 
20.8, 20.8, 20, 20 1 . . 
20.8, 20.4, 20.8, 19.6, 20.8, 20.8, 20.8 
20.8, 21.6, 20.8, 20.8, 20, 20.8, 21.2, 20.8, 
20.8, 21.6, 20.8, 20.8 
21.6, 20.8, 20.8, 20.8, 20.8, 20.8, 20.4 
24,4, 24,8, 2L~.8, 25,2, 25,6, 21~.8, 25,6, 2L.J...Lf., 
24, 8 , 2L~, 8 , 25, 2 ,' 2Lf. , 25, 2L~, 8 
25.6, 25.2, 26, 25.6, 29.2, 24.4, 25.2, 24 
25. 6, 24. 8 , 25. 6 , 25. 2, 24, 8 , 2l~. 4, 24. Lj., 25. 2 , 
25, 2, 2L~ 
25.2, 24.8 
28.8, 30, 29~2, 29,6, 29.6, 29.6, 28.8,128.8,. 
28.4, 28.4, 28.8, 28, 28.8, 28, 28 
29.6, 28.8, 28.8, 28.8, 28. 
28.8 
29.6, 29.6, 28.4, 28.8, 28.8, 28, 28.4, 28.8 
32.8, 32, 32, 32, 32, 31.2, 32, 32 .. s, 31.6, 32.4 
32,8, 32,4, 33,2, 32, 34,4, 31,6, 32, 32, 30.8 
32.8, 32.8, 32.8, 31.2, 30.4, 32, 30 
32, 30.8, 32.4, 31.6, 31.2 
35~2, 35.6, 36, 34,4, 34 
36 , 3L.J.. , L-1, 2 , 34 J~ , 31-1- , 34 • 8 , 34 ~ 8 , ;4 , 3 5 • 6 , 
31L 8, 35. 2 
36, 36, 34,4, 35.2, 34,8, 34 
36, 35,2, 35,6, 34, 34.8, 35.2, 34 
39. 2, 39. 2 , 39. 2, 38 , 39. 2 
37.6, 40, 39.2, 38.8, 37.6, 38,4, 37.6, 38, 38 
40, 38.4, 38.4, 38,8, 38, 38,8 
39.2, 39.6, 40, 38.8, 38,4, 38,4, 38,4, 38,4, 38, 
37.6, 37.2 
40 , 8 , 4 2 , 4 3 , 2 , i l.f-1 , 6 , LJ-2 , 8 , 4 2 , 8 
LJ- 3 , 6 , 4 3 , 6 , 44- , L~ 3 , 6 , 40 , 8 , 4 3 . 6 , 4 2 , Lj.Q , 4 , 1+0, 4 
42.8, 44, 42, 42, 41.6, 42, 41.2, 43,2, 43,2 
44, 44, 45.6, 42, 41.6, 42, 42, 42.8, 42, 41.6, 
42.8, 42.8, 42.8 
4L!-. 8, 48, L1.7, 6, L~7, 2, L.J..6 J~, 46. 4, L~6, 46, 4, L~5, 6, 
43,6, 46, 47,2 . 
48, 48, 46, 46.4, 48, 46,4, 46.4, 44~8, 47,2, 
45,6, 46, 46.8, 47.2, 46, 45 
Figure 250 Similar Distribution Data 
Upper Section (Continued) 
Resistor 
Circuit 
No. Time Intervals 
37 52, 49,6, 50,4, 50,4, 50.8 
38 50.8, 52, 5o;s, 50, 50, 48.8, 49.2, 48, 50, 54.4 
39 5L+-,Lj., 51-1-, 52, 52, 52, 52 • 8, -··52 
40 57.6, 59.6, 57.2, 56.8, 56~ 57.6 
Lower Section 
1 1.6, 1.2, 1.2, 1.6, l.~ 
2 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 7.6, 8 
3 12.8, 12.8, 13.2, 12.8, 12.8, 12.8~ 12.8i 12.8, 
,. '12 .8. 
4 12.8, 12.8, 12.8 
5 17.2, 17.2, 17.2, 16.4, 16.8, 16.8, 17.2, 16.8, 
16.8, 16.8, 16.8, 16 
6 16.8, 17.2, 16.8, 16.8, 16.8, 16.8 
7 20.4, 20.4, 21.2, 20.8, 20.4, 22, 20.4, 20 
8 20.8, 21.2, 21.2, 20, 20.4, 20.4, 20.8, 21.2, 20 
9 20, 21.6, 21.2, 20.LJ-, 20.8, 20.4, 20.8, 20.8, 
20.8, 20.8, 20, 20.8, 20.4 . 
10 20.8, 21.2, 20.4, 21.2, 20.4, 20.8, 21.2, 21.2, 
19.6, 21.2, 20.8 
11 25.6, 25.2, 2LJ-,8, 25.6, 24.8, 24.8, 2LJ-.8 
12 25,2, 25.6, 25.6, 25,2, 25.6, 2LJ-.8, 2Ll-.8, 25.6, 
25.2, 26 
13 25.2, 25.6, 26, 25.2, 25.6, .26, 24.8, 25.2, 25.2, 
25.6, 25.6, 26 
14 25,6, 26, 25.6, 25.6, 25.6, 25.2 
15 29.6, 28.8, 28.8, 28, 28.8, 28.8, 28.8, 29.8, 28 
16 · 29.6, 29.6, 28.8, 27.6, 28, 28.8, 28.8, 28.8, 
28, 28 
17 29.6, 29.2, 29.6, 29.2, 28.8, 28.4, 28, 27.6, 
27.6, 29.6, 29.2, 28 
18 28.8, 29.2, 28.4, 28.8, 28, 28 
19 32, 32.4, 32, 32.4~ ~2, 30.a, 32, 32.4, 32.4, 32 
20 32.s, 32.a, 32, 32~ 32, 32.4, 30.8, 30 
21 32, 31.6, 31.6, 32, 31 
22 31.6, 32, 30.8, 31.2, 32.4, 30.8 
23 35,6, 36, 36, 35.6, 35,2, 34,LJ-,. 34.LJ-, 36, 35.6 
24 3 5 , 2 , 3LJ- , 36 , Lj. , 36 . 4 , 36 , 3 5 • 2 , 34 , · 3Lf. • Lj. , 36 , 
35.6, 36, 34, 34.4- . .. . 
25 36, 34.8, 36, 34.8, 34.8, 34, 34, 34,4, 35.6, 
35.2 
26 35.2, 34,8, 35,6, 35.6 
27 38,4, 38, 39.2, 39.2 
28 40, 39.2, 38.8 
29 40, 40, 40, 39.6, 40, 38, 38, 38 
Figure 250 (Continued) 
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Resistor 
Circuit 
Down Section 
No. Time Intervals 
86 
·~~~--~~~-~~~~-
30 39.6, 39.6, 39.6, 40, 40, 38.8, 39.2, 38.4, 38.8, 
38.8, 38.4, 38.4, 37.6 
31 43.2, 43.6, 42, 41.6, 42.4~ 41.2 
32 43.6, 44, 42, 42, 41.6, 42, 42.8, 41 
33 43.6, 43.6, 43.6, 42, 42.8, 42, 42, 42, 40.4, 
43.2 
34 41.6, 42.8, 42, 42, 43.2, 42.4 
35 47.6, 47.6, 46, 46.8, 51.2, 46, 46, 45.2, 46, 
44.8, 45.2, 47.2, 45.2, 45 
36 48.8, 46, 46, 46.4, 47.2~ 46.8, 46.8, 45.6 
37 51.2, 49.6, 48.8, 48.8, 50, 50, 54.8, 48.4 
38 50.4, 48.8, 49.2, 50, 48.4s 50, 50, 52, 48 
39 52, 52.4, 54.8, 54.4, 54, 54, 54.4, 54, 52 
40 60.8, 58, 59.6, 58.8, 58, 57.2, 58, 57.2, 60 
Figure 25. (Continued) 
Resistor 
Circuit 
Service Channel 
Section Up 
Date 9-25-62_ 
Time P. M. 
No. Time Intervals 
87 
1. .18, .18, .20, .20, .22, .20, .18, .20, .18, .16 
2. 15.7, 16.2, 16.5, 16.5, 16.9, 16.65, 16.2, 16.72, 
17.15, 16.38, 16.35 
3. .32, .30, .32, .40,.34, .22, .32, .30, .32 
4. 11.7, 12.0, 12.55, 12.0, 12.20, 12.15, 11.9, 
12.20, 12.15, 12.71, 12.6, 11.72, 11.6, 12.35 
5. .70, .65, .60, .60, .62, .70, .62, .70, .65, 
0 6 5 ' • 60 ' 0 6 5 
6. 9 0 4' 10. 3' 9 0 25' 9. 38' 9. 6' 10. 0' 10 .15' 9. 25' 
9.5, 9.78, 9.9, 9.95, 9.6, 9.76, 9.85, 9.65, 
9.62, 9.45 
7. .90, .90, 1.0, .90, .95, .90, .92, 1.0 
8. 7.75, 8.0, 8.41 7.62, 8.0, 8.05, 8.4, 8.1, 8.15, 
7.89 
9. 1.15, 1.22, 1.35 1.25, 1.23, 1.18, 1.25, 1.2, 
1.3, 1.25, 1.2, 1.1, 1.2, 1.1 
10. 6.7, 6.82, 6.75, 6.83, 6.9, 6.9, 6.7, 6.95, 
6.99, 6.64, 7.15, 6.5, 6.9, 6.8, 7.0 
11. 1.55, 1.55, 1.55, 1.41, 1.47, 1.6, 1.6, 1.55, 
1.65, 1.6, 1.45, 1.62, 1.6, 1.55, 1.52, 1.6, 
1.6, 1 .. 55, 1.62, 1.6 
12. 6.05, 5.9, 6.3, 6.0, 6.0, 6.25, 5.82, 5.8, 5.9, 
6.4~ 5.95 
13 . 1 . 8 ' 1 . 9 5 , 1 0 8 5 ' 1 0 8 5 ' l O 8 ' 1 • 8 2 , 1 • 9 ' 1 . 68 , 
1.95, 1.78, 1.78, 1.95 
14. 5.3, 4.95, 5.35, 5.49 5.27, 5.32, 5.1~ 5.35, 5.6, 
4.55, 5.05, 5.12, 5.259 5.4, 5.1, 5.5, 5.2 
15. 2.15, 2.12, 2.26~ 2.21, 2.55, 2.12, 2.5, 2.35, 
2.3, 2.3, 2.2, 2.3, 2.3, 2.2, 2.4 
16. 4.42, 4.62, 4.68, 4.7, 4.68, 4.35, 4.72, 4.3, 
4.3, 4.65, 4.45 
17. 2.55, 2.52, 2.65, 2.69, 2.7, 2.64, 2.68 
18. 3.8, 4.1, 4.05, 4.07, 4.15, 4.1, 3.96, 4.12, 
3p82, 3.9, 4.1 
19. 3.1, 3.23, 3.1, 3.1, 3.28, 3.23, 3.3, 3.3 
20 2.92, 3.0, 2.8, 2.95, 2.95, 3.1, 3.2, 2.9, 3.1, 
3.05, 3.0, 2.86, 2.92, 3.1, 3.0, 3.0 
21 3.42, 3.22, 3.72, 3.45, 3.41, 3.4, 3.4, 3.6, 
3. 34' 3 0 5 
Figure 26. 'Exponential Distribution Data 
Resistor 
Circuit 
No. Time Intervals 
22. 3.65, 3.65, 3.42, 3.62, 3.65, 3.75, 4.6, 4.8, 
3.65 
88 
23. 2.75, 2.8, 2.9, 2.82, 2.9, 2.7, 2.8, 2.7, 2.85, 
2.85, 2.72 
24. 4.35, 4.12, 4.4, 4.151 4.18, 4.32, 4.25, 4.4, 
4.42, 4.4, 4.4, 4.2 
25. 2.4, 2.3, 2.32, 2.45, 2.55, 2.5, 2.38, 2.5, 2.5 · 
26. 5.1, 4.65, 4.92, 4.92, 4.8, 4.8, 4.8, 4.92, 5.2, 
5.15, 3.72, 4.82, 5.35 
27. 2.05, 2.1, 1.95, 2.05, 2.05, 2.05, 2.0, 1.97, 
2.12, 2.1, 2.0, 2.1, 2.0, l.85, 2.0, 2.05 
28 . 5. 3 3 , 5. 6 ~ 5. 9 5 , 5. 7 , 5. 8 2, 5. 8 , 5. 7 
29. 1.61+, 1.75, 1.68, 1.77, 1.72, 1.62, 1.75, 1.623 
1.68, 1.68, 1.65, 1.7, 1.65, 1.75 
30. 6. 4, 6. 42, 6. 7 5, 6. 7, 7. O, 6. 5, 6. 2, 6. 7 , 6. 65, 
6.58, 6.42, 6.62 
31. 1.5, 1.4, 1.5, 1.4, 1.35, 1.45, 1.481 1.5, 1.31 
32. 8.0, 7.52, 7°85, 7.8, 7.5, 7.5, 7.5 
33. 1.1~ 1.12, 1.1, 1.12, 1.1, 1.08 
34. 8.75, 8.86, 8.95, 8.85, 8.68, 8.92, 9.0, 9.07, 
8.78, 9.4 
35. .72, .70. 9 .78, .72,, .72, • .82,_ .80, .85, .78, .80, . 
• 7 2 9 .. • 80' . 7 5 
36. 10. 6, 10. 0, 10. 71, 10. 9, 11. 0, 10. 36, 10. 34, 10. 85 
37. .48, .50, .50, .50, .50, .50, .45, .40 
38. 13.55, 14.2, 14.07, 13.25, 14.32, 13.63, 13.45, 
13.35 
39. .18, .20, .22, .~o, ,20, .22, .20, .20, .20, .22 
40. 22.05, 23.35, 22.4, 22.6, 23.0, 21.9, 21.92, 
23.35, 21.85, 22.4, 24.1, 21.97, 23.15, 21.42, 
21.9 
Service Channel 
Section Down 
---
1. .20, .19~ .20, .20, .20, .20, .18, .20, .20, 
.20, .20, .20, .20, .18 
2. 15 0 58 ' 15 . 9 5 ' 15 0 8 2 ' 16 0 8 2 ' 17 . 14 ' 16 . 4 ' 11 • 7 ~ 
16.8, 16.5, 16.4, 17.02, 17.3, 17.6 
3. .32, .30, .30, .30, .30, .30, .30, .30,.32, .30, 
.35, .35'j .30 
4. 12.1, 10.95, 12.3, 11.85, 12.2, 12.12, 12.3, 
12.3, 12.79 12.9~ 12.32, 11.76, 12.0, 11.85, 
12.0, 12.0 
Figure 26, (Continued) 
Resistor 
Circuit 
No. Time Intervals 
5. . 60 ' • 60 ' 0 60 ' . 60 ' 0 6 3 ' • 70 ' • 70 
6. 10.3, 9.85, 9.83, lOol, 10.1, 9.62, 10.2, 9.35 
7. .85., .92, .90, L05$ 1.05, .85, .80, .92, 1.0, 
.9 
8. 7. 8' 8. 5' 8 0 2 ~ 8 0 8' 7. 97, 8 0 0' 8 .1, 8. 42' 8. 05' 
8.02, 8.1, 8.3~ 7.8 
9. 1.2, 1.2, 1.2, 1.2, 1.2, 1.22, 1.2 
10. 7.0, 7.32, 7.2, 6.6, 7.4~ 7.07, 6.85, 6.9 
11. 1.62, 1.55, 1.52, 1.55, 1.58, 1.62, 1.45, 1.51, 
1.5, 1.55, 1.55 
12. 5.85, 6.3, 6.35, 5.72, 5.95, 5.78, 5.9, 6.2, 
5.92, 5.85, 6.45, 6.3~ 5.85 
13. 1.8, 1.67, 1.8, 1.75, 1.8, 1.58, 1.9, 1.8, 1.8, 
1.8, 1.75, 1.85, 1.9~ 1.85, 1.7, 1.82 
14. 5.1~ 5.15, 5.25, 5.1, 5.05, 5.4, 5.1, 5.3, 5.6, 
5.32, 5.2, 5.4, 5.65, 5.62 
15. 2.18, 2.25, 2.15, 2.18, 2.2, 2.2 
89 
16. 4.35, 4.8, 4.88, 4.61, 4o7, 4.55, 4.45, 4.2, 4.5, 
4.6, 4.62, 4.25 
17 0 2 0 52' 2 0 62' 2 0 45' 2 0 6' 2 0 6 ~ 2. 65' 2 0 8' 2 0 7' 2 0 5 ~ 
2.8 
18. 3.8, L~.02, 3.78, 3.85, 4.Q, 4.12, 3.7, 4.05, 
4.05, 4.1, 3.72 
19. 3.15, 3.1, 3.05, 3.1, 2.98, 3.05, 2.35, 3.08, 
3.04, 3.12, 3.01 3.12, 3.08~ 3.0, 3.05, 3.1, 3.1 
20. 3.52, 3°28, 3.359 3.49 3.5, 3-6~ 3.2, 3.32, 3.55~ 
3.3, 3°59 3.6 
21. 3.19 3.3, 3.0~ 3.3~ 3.33, 3.32, 3.2, 3.35, 3.18, 
3.3, 3.2, 3.259 3.289 3.25, 3.0, 3.2, 3.1 
22. 3.64, 3.85, 3.87, 3.42, 4.0, 3.82, 3.8 
23. .2.78, 2.55, 2.7, 2.78, 2.9, 2.7, 2.85, 2.72 
24. 4.5, 4.35, 4.2, 4.1, 4.35, 4.42, 4.3, 4.5j 4.24, 
4.35, 4.25, 4.3, 4.3, 4.35 
25. 2.23, 2.4, 2.4, 2.42, 2.42, 2.5, 4.42, 2.4, 2.45, 
2.4, 2.5, 2.41, 2.45, 2.25 
26. 4.95, 5.02, 4.82, 4.78, 5.0, 5.25, 5.2, 4.85, 
5.1, 5.2, 4.98 
27. 2.0, 2.159 2.1, 2.05, 1.95, 2.12, 1.95, 2.05, 
2. 0' 10 9' 2 0 05 
2s. 5.22~ 6.o, 5.35~ 5.389 5.71, 5.78, 5.6, 5.37, 5.8, 
5.54, 5.42 
29. 1.7, 1.7~ 1.57, 1.6, 1.72, 1.72, 1.65, 1.58, 1.7, 
1.74, lo62, 1.6~ 1.72 
30 0 6 • 9 ' 6 • 8 ' 6 0 38 ~ 6 0 7 ' 6 0 4 ' 6 0 5 ' 6 . 5 5 ' 6 . 5 ' 6 0 3 ' 
7.05, 6.6, 6075 6025, 6062? 6.4, 6.05, 5.9, 6.55 
Figure 26. (Continued) 
Resistor 
Circuit 
No. 
31. 
32. 
33. 
341 
35. 
Time Intervals· 
1.45, 1.42, 1.35, 1.42, 1.42, 1.45, 1.3, 1.5, 
1.4, 1.42, 1.35, 1.35 
7.5, 7.58, 7.22, 7.8 
1.02, 1.1, 1.05, 1.15, 1.05, 1.05, 1.08, 1.1 
8.3, 8.47, 8.61, 8.82, 8.2 
.80, .75, 1.15, .75, .72, .72, .80, .80, .78, 
.75, .72 
90 
36, 
37. 
10.5, 10.62, 11.15, 10.78, 10.44, 11.02, 10.92 
.45, .40, .42, .45, .45, .50, .45, .42, .50, .45, 
.45, .45, .45 
38. 
39. 
40. 
13.0, 13.28, 13.65, 14.8, 13.72, 14.42, 14.35, 
13.9, 13.8, 14.28, 13.3, 14.35 
.18, .20, .20, .18, .20, .19, .20, .15, .15, .20, 
.20, .20, .20, .20, .15 
21.25, 21.05, 22.1, 21.0, 22.2, 22.3, 21.05, 
22.2, 21.0, 23.32, 21.55, 21.1, 21.3, 22.8, 21.6 
Arrival Channel 
Section _.!I.£_ 
Date 9-2;5=6.2_ 
Time 9-l2..J2.!!l!l!. 
1. .20~ .20, .19, .18, .19, .20, .19, .18, .20, .20, 
.18 
2. 21. 3' 210 7' 19. 74' 210 4' 21. 35' 21.15, 21. 5' 21. 3 
3 • • 40 ' • 40 ' 0 4 5 ' 0 40 ' 0 38 ' • 4-0 ' • 38 ' • 40 1 • 40 ' • 40 ' 
.40, .40 
4. 15.5, 15.7, 16.05, 15.65, 15.52, 15.62, 15.64, 
15.45, 15.67, 15.62, 15.9 
5. . 80 ' • 7 2' • 70 ' • 7 5 ' 0 7 5 ' . 7 5, • 7 2' • 70 ' • 74' • 80 
6. 12.4, 12.35, 12.42, 12.32, 12.52, 12.3, 12.28, 
12.61, 12.5, 12.55 
7• 1.2, 1.1, lol, 1.1, 1.08, 1.1, 1.08, 1.1, loll, 
1.12, 1.08, 1.08, 1.12, 1.16, 1.15, 1.1, 1.15 
8. 10.2, 10.58, 12.6, 10.45, 10.33, 10.6, 10.5, 
10.45, 10.5, 10.42, 10.5, 10.36, 10.5 
9.. 1.55, 1.57, 1.51, 1.58') 1.5, 1.52, 1.35, 1.55, 
1.5, 1.51 1.57, 1.5 
10. 9.18, 9.35, 9.15, 9.06, 9.0, 9.0, 9.75, 9.1, 
9.15, 9.11 
11. 1.51, 2.0, 2.059 1.95i 2.07't 1.95, 2.0, 1.8, 2.0, 
2 • 0 ' 2 0 0 5 1 2 0 0 ' 1 0 98 ~ 1 • 8 5 , 2 • 0 ' 2 • 0 
12. 8.o, 7.85~ 7.9, s.o, 7.9, 7.82, 7.95, 7.85, 7.96, 
7.88, 7.92, 8.02 
"Figure 26. (Continued) 
Resistor 
Circuit 
No. Time Intervals 
13 . 2 . 41 , 2 . 38 , 2 . 4 ~ 2 • 44 , 1 . 8 2 , 2 . 38 , 2 . 41 , 2 . 4 , 
2.38, 2.~2, 2.42 
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14. 6.9, 6.99 7.05, 6.9, 7.0, 7.01, 7.08, 6.98, 6.92, 
6.96, 7.09 7.0, 6.95 
15. 2. 85' 2 0 81' 2. 9 
16. 6.14, 6.1, 6~1, 6.4, 6.05, 6~05, 5.95 
17. 3.41~ 3.45, 3.41, 3.4, 3.4, 3.45, 3.45, 3.4, 
3 0 4 5 ' 3 . 48 ' 3 • 5 
18. 5.3~ 5.39 5.24, 5.35, 5.5, 5.48., 5.21, 5.35, 
5.28, 5.24, 5.4 
l9o 4.05, 4.0, 3.9, 4.08~ 4u0, 3.97, 4.02, 4.05, 
4.01, 4.0, 4.05, 4.0, 4.05, 4.1 
20. 4.71~ 4.6, 4.72, 4.62, 4.65, 4.65, 4.55, 4.62, 
4.681 4.74, 4.72 
21. 4.4, 4.4, 4.25, 4.4, 4.25, 4.3, 4.34, 4.28, 4.3 
4.3, 4~32, 4.4, 4.32 
22. 5.0, 5.09, 4.9, 4.82, 5.0, 5.08, 4.91, 5.01, 5.0, 
5.0~ 5.0, 5.1 
23 0 3. 69' 3 0 74' 3. 61, 3. 7' 3. 69' 3. 61' 3. 7 
24. 5 0 7 ~ 5 . 7 2 '; 5 . 8 5 ' 5 0 7 ' 5 • 71 ' 5 0 7 ' 5 0 7 5 ' 5. 7 5 ' 
5.65~ 5.7, 5.7, 5.7, 5.7~ 5.8 
25. 3.17, 3.25, 3.2, 3.15, 3.12, 3.1, 3.18, 3.04, 
3.15, 3.2, 3.15, 3.1 
26. 6.38, 6.55, 6.4, 6.58, 6.56, 6.6, 6.55, 6.53, 
6.38, 6.31, 6.53, 6.5 
27. 2. 65' 2. 61' 2 0 58' 2 0 62' 2 0 65' 2. 62' 2. 54' 2. 6' 
2.6, 2.6, 2.55 
28. 7.25, 7.65, 7.4, 7.41, 7.4, 7.5, 7.43, 7.48, 
7.22, 7.48 
29. 2.21, 2.15, 2.2~ 2.11, 2.21 2.17, 2.2~ 2.2, 2.16, 
2.15, 2.2, 2.18, 2.18, 2.21, 2.2 
30. 8.67, 8.41, 8035, 8.35, 8.45, 8.4, 8.4, 8.55~ 
8.45, 8.22, 8.5, 8.5, 8.55 . 
31 . 1. 7 ' 1 . 7 ~ 10 7 5 ' 1 0 7 'l 1 0 77 ' 1 0 7 ' 1. 7 2 ' 1 0 74 ' 1. 69 ' 
1.75, 1.65, 1.75, 1.65~ 1.68, 1.74 
32. 9.58, 9.52, 9.83, 9.55, 9.4, 9.78, 9.6 
33. 1.3, 1.28, 1.3, 1.37, 1.3, 1.3~ 1.37, 1.35, 1.3, 
10 28, 1. 31 
34. 11.3, 11.4, 11.42, 11.45, 11.4, 11.31, 11.329 
11.45, 11.4 
35. .91, .92, .909 .91, .95, .909 .91, .90, .92, .92, 
0 95 
36. 13.35, 13.85, 14.0, 14.05, 13.81, 14.25, 14.5, 
13.85 
37. .555 °551 .60, .55'.l .50, 0 55, .55, .40, .52 
Figure 26. (Continued) 
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Circuit 
No. Time Intervals 
17.72, 17.6, 17.81, 17.8, 17.75, 17.6, 17.9, 
17.75, 17.5, 18.0, 17.42~ 17.8 
92 
38. 
39. 
40. 
.20, .20, .19, .19, .19, .19, .18, .20, .20, .20 
27 . 4 , 27 o 3 1 28 o O , 2B • 2 , 30 . O , 27 . 4 , 27 . 4 , 27 . 8 , 
28.08~ 27.85, 27.02, 2804, 27.5, 28.35 
Arrival Channel 
Section .J2S2.!flL 
1. .19, .18~ .20, .20, .20, .17, .18, .18, .20, .19, 
.20 
2. 22.0'J 22.05, 22.52, 22.0, 21.91, 21.91, 21.95, 
21.951 21.95, 22.05, 22.08, 21.91, 22.2, 22.42 
3. .40, .40, .40, .38, .42, .42, .41, .41, .40, 
. 38, .41 
4. 15.95, 16.25, 16.12, 16.0~ 16.2, 16.12, 16.12, 
16.16, 16.0, 16.0~ 16.35 
5. .71, .76~ .75, .7_5, .71, .75, .72, .71, .75 
6. 12.7~ 13.0, 12.95.j 13.0, 12.97, 13.52, 12.8, 
12.75, 13.0, 12.95 
7. 1.09, 1.07, 1.1, 1.05, 1.07, 1.1, 1.1, 1.1, 1.1, 
101 ~ 1. 06 
8. 10.8~ 10.7, 10.95, 10.78, 10.92, 10.81, 11.0, 
10.92, 10.97 
9. 1.85, 1.5, 1.51~ 1.59 1.45, 1.5, 1.45, 1.5, 1.42 
10 0 9 0 4' 9. 7 ') 8 0 8' 9 0 2' 9 0 5 9 9 0 2' 9. 21, 9. 3' 9. 36' 
8.45, 9.459 9.3 
11. 1.98, 1·.95, 1.959 191, 1.91, 1.97, 2.0, 2.0, 1.95, 
1. 97, 2. 0 
12. 8.07, s.09 s.11 8.o, 8.1~ 8.07, 8.o~ 8.06, 8.15, 
8.0, 7.95, 8.0, 8.0, 8.02, 8.05, 8.1, 7.9, 8.01, 
8.1 
13. 2,31, 2.42~ 2.31, 2.4-i 2.37? 2.35,, 2.38, 2.4, 
2.35, 2~32, 2.31, 2.38 
14. 7.1, 6.9, 7.1~ 7.1~ 6.81, 7.01, 6.95, 7.1, 6.9, 
7.05, 7.05, 7.05, 6.9 
15. 2.85, 2.99 2.78, 2.82, 2.9, 2.82, 2.8, 2.8, 2.85, 
2.85, 2.85 
16. 5.99, 5.92, 6.08, 6.05, 5.97~ 6.05, 6.05, 6.05 
17. 3.4, 3.4, 3.51, 3.37, 3.35, 3.35, 3.38, 3.37 
18. 5.3, 5.35, 5.2~ 5.2, 5.2, 5.22, 5.32, 5.29, 5.21, 
5.21, 5.259 5o25 
19. 3.95, 3.85, 3.9, 4.05, 4.05, 3.9, 3.9, 4.0, 3.92, 
3.97~ 4.0, 3.92, 4.0 
Figure 260 (Continued) 
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20. .4.6, 4.65, 4.6, 4.68, 4.68, 4.5, 4.58, 4.6, 4.57, 
4.62, 4.51, 4.551 4.58, 4.62, 4.6, 3.98, 4.82 
21. 4o2l, 4.3~ 4.3, 4.3, 4o2, 4.3, 4.2, 4.32 
22. 4.95, 4.92, 4.9, 4.5~ 4.95, 4.95, 5.0, 4.96 
23. 3.5, 3.65, 3°69, 3.71 3.7, 3.62, 3.9 
24. 5,78, 5.69, 5.68, 5.62, 5.65, 5.75, 5.7, 5.72, 
5°85 
25. 3.1, 3.1, 3.1, 3.1, 3.1, 3.12, 3.1 
26. 6.5, 6.5, 6.55, 6.6, 6.5, 6.58, 6.68, 6.53, 6.6, 
6.55, 6.32, 6.55 
27. 2.6, 2.6, 2.57, 2.54, 2.55, 2.58, 2.58, 2.46, 
2.6~ 2.51 
28. 7.5, 7.48, 7.5, 7.55, 7.25, 7.6, 7.45, 7.55, 7-4~ 
7.48 
29 . 2 . 2 , 2 . 1 7 , 2 • 2 ~ 2 . 14 , 2 • 13 , 2 • 12 , 2 • 2 , 2 • 3 5 , 2 . 28, 
2.15, 2.13, 2.18, 2.34 
30. 8.57, 8.4, 8.45, 8.72, 8.43, 8.51, 8.51, 8.6, 
8.45, 8.6, 8.45, 8.51 
3 L 1 . 71 , 1 . 7 , 1 • 6 5 , 1 . 64 , 1 . 8 , 1 • 9 5 , 1 . 7 2 , 1 • 7 , 1 • 6 5 
32. 10.1, 9.64, 10.2, 10.15, 10.0, 10.02, 10.0, 
10.19, 10.05, 10.2, 10.15 
3 3. 1. 21, 1. 3, 10 26' 1. 3' 10 3 9 1. 26' 1. 28, 1. 28' 10 31 
34. 11.9, 11.7, 12.09 11.89, 11.9, 11.6, 11.85, 11.05, 
11.91 
35. 13.9, .90, .899 .92, .909 .90, 0 98, .95, .95, 
.92, .919 .95, .90 
36. 14.0, 14.47, 14.05, 14.5, 14.35, 14.48, 14.6, 
14.68, 14.25 
37. .55, .60, .55, .569 .60, .55, .58, .60, .60, .58, 
0 60' . 60 
38. 18.6, 18.1, 18.45, 18.3, 18.3, 18.45, 19.0, 18.05, 
18.6, 18.57~ 18.469 18.31, 18.4, 18.7, 18.4, 18.4, 
18.78, 18.8, 8.61 
39. .20, .20, .20, .209 .20, .20, .18, .20, .20, .20 
40. 28.71, 28.95, 28.99 29.3, 28.65, 28.52, 29.0, 
29.85, 28.79, 28.57, 29.1, 28.72, 28.81, 28.95, 
29.6 
Figure 26. (Continued) 
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0. 5.4, 5o7, lo2, lol, 2o3~ llol~ 1.8, 5.65, 1.25, 
6.9, 16.7, 4.9, .40, 4029 5o3, 4.81 6.6, 2.7, 605, 
19.2, .40, 1.2, 080, 3049 3ol, 2.1, 2.85, 2.1, 
. 50 ' 0 10 ~ 9 0 6 ~ 2 0 2 ' 0 20 ,, 0 ~ 14 0 7 ' 16 0 5 ' 2. 1 ' 2 3 . 0 ' 
3ol, 13.0, 080, 3o5, 2.1, .30, 6.7, 9o9, 2.8, 090, 
13.6, 9.1, 5.1, 1.4, 4.9, 4.4, 809, 5.4, 603, 1.3, 
a40, 4o5, 2.3, 2.5, 10051 3o9, 3.85, 17.0, 12.6, 
5.0, 2.3, 10.0, 060, llo6, 1.4, 3.1, 2o3, .40, 
2.4, .60, 5.5, 7.3, 1.7, 2.15, 22.2, 3.6, 1.2, 
1908, 4.3, 5.9, 11.2, 6.6, 5o5, 1.9, 7.4, 6.7, 
809, 3.9, 11.9, 25.2, 1.2, .30, 13.9, 5.4, 9.4, 
4.69 8.0, 5.4, 2.1, 3.0, 1.7, .70, 3.0, 14.3, 8.0, 
5.3, .20, 9.9~ .8 9 20.7~ 2.2, lo8, 3.7~ 1.0, 1.7, 
. 0 10 ' 0 40 ' 2 0 9 ' 20 0 3 ' 6 0 3 ~ 6 0 4' 8 0 2 ' 18 0 3 ' 26. 7 ' 
11.1, 3.3, 3.1, 3099 8.2, 6.9, 070, 3ol, 020, 5.2, 
8. 6 ' 3. 9 ' 20 0 7 ' 4. 7 ' 10 0 2 ' 3. 7 ' 0 20 ' 7 . 1 ' 4. 4' 
13.0, 1.3, 5.5, 3.9, 20.6, 9.2, 11.2, 26.4, 4.0, 
6.0, 11.8, .10, 1.2, .40, 11.2, 4.8, 2.8, 18.5, 
2.7, 2.3, 1.6., 14.99 11.2, 1.0, 14.5, 20.3, 3.7, 
7 0 8 'J O 70' 4. 6 'J • 80 ' 6 0 8' 5 0 3' 16 0 9 'J 2 0 7 , 4 .1 ' • 60' 
7. 7' 6 0 8' 20 0 7' . 30' 2 0 2' • 70 'J 18 0 4' 1. 6' 14. 7' 
6.3, 1.4, 2.9, .20, .20, 8.8, 2.1, 5.4, 9., 1.5, 
3.8, 4.8~ 2.2, 17.7, 28.5, 10.6, 7.4 
1. 1.1, 1.4, 3ol'j 1.7, 1.159 3.15, 4.4, 2.1, 9.4, 
1 0 5 ' 0 20 ' 7 • 2 5 ' 1 • 8 5 ~ 4 0 9 5 ' 1 • 7 'J O 40 ' 4 . 5 ' l O 9 ' 
. 90} 0 90' 10 0' 2 0 3' 0 50 ~ 2 0 2' 1095 ' • 20, 5. 7 'J 1. 3' 
. 70, 3 0 4' 6 0 9 ' 8 0 1 ' 3 0 1 ' 1 0 1 ' 2 0 25 ' 4 0 l ' 1 . 5 ' 2 0 0 ' 
1.6, 3.1, 1.0, lol, 1.9, 4.0, .40, 8.4, 4.3~ 5.35, 
5.6, 1.95, l.3, .40, lo2'J ,20, 1.0, 2.1, 1.7, 1.75, 
.70, 080, 3.4, lo7, 1.6, 020, 1.4, .10, .60, 2.5, 
.30, 3.9, 1.1, 2.6, .60, .30, .50, 5.2, 3.40, 13.4, 
.68, 1.1, 1.6, 9.7, 1.7, 4.3, .45, 1.25, 2.3, 3.8~ 
1.2, 2.3, .90, 3.1, 1.9, 1.2, 1.8, 4.3, .70, .so, 
5.7, 2.59 5o4, 3.1, 2o0, 5.8, .20, .40, 1.4, 1.3, 
090, 4.85, 5.8, 1.85, loO, 3.25, 020, 3.7, 2.4, 
2.1, 6.4, .50, 080, 1.6, .60, .70, 2.2, .70, 2.2, 
3.35, 5°8, 1.9, 1.65, 3.6, 3.75, 1.1, .50, 2.7, 
4.4, 1.2, 3.7, 020, lol, 1.2, 6.9, 070, 8.0, 4.6, 
.2.2,, 5.8, 17.3, .80, .9ol 3.6, 3.5, 1.7, .so, 
5.3, 5.4, 11.7, 1.59 2.1, lo49 .20, 3.2, lo8, 4.0, 
1.4, 2.9, 1.5, 2o0, 3.8, 26.8, 1.4, 15.8, 1.7, 
030, 5.8, .20, 1.0~ 2.8, 3.0~ 5o4~ 3ol, 3019 2.4~ 
3.2, 020, 1.0~ 3.7, 608, 1.5, 80, .30, 4.4, 8.5, 
5-5~ 1.7, 3.9, 3.5, 1.8, 2.2~ 2.5j 8.0, 9.9, 2.6, 
1.4, 5.1, .70, .40, 5.0, .80, .80, 2.3, .80, 1.6, 
7o0~ 3.4, 2o0j 3.0, 1.9~ lo29 1.9~ 1.7, 14.3, 8.0, 
Figure 2'7" Queue Length Data 
95 
Queue 
Length Time Interval 
1.4, 6.1, 2.1, 1.4, 1.1, 706, 2.9, 1.0, 2.9, 1.9, 
1.2, 9o0, 070, 060, lo32, 050, 3.0, 020, .20, 
2.2, 040, 1208, 2o9, 5039 3069 olO, loO, .50, 
4o3, 4o2, 7.0, lo3, 3.9, 2089 040, 8.2~ 4.8, 4.1, 
1.5, 3o0, 020, 2.6, .40, 5019 2.4, 4.6, .60, 1.0, 
.30, 3.4, 070, 3.4, lo5, 5o0, 1.7, 1.4, 4.9, 4.7, 
2.9, 2.8, 5.5, 1.2, 805, 108, 3.1, 2.4, 1.3, 2.15, 
508, .30, 2.6, 5.3, lo09 020, 3.3, 2ol, 4.7, .409 
5.0, 1.4, o3, 6.01 lo5, lo5, 2.65, 7.0, 1.7, 1.9, 
1.7, lol~ 3.4, 3049 .20, 1.6~ .so, 10.9, 4.4, 
6.9, 3.1, 3.1, 2.8, .20, .20, 9.4, .40, 3.5, 4~2, 
lo7, .30~ 1.3, 8.1, 1.2, .20, 2.5, 3.3, 4.7, 020, 
2 0 4' 12 0 4' 5 0 5' 0 90' 10 9, 2 0 9' 3 0 8' 6 0 7 1 2. 5' 0 60' 
2.7, lol, 3.1, lo7, 1.8, 1.4, 1.3, 080, 4.4, 3.1, 
3.1, 1.7, 1.1, .60, .50, 1.8, 1.5, 15.7, 1.0, 1.7, 
8.2, 15.6, 4.0, 7ol, 108; 7.9, 18.0, 1.9, .70, 
2.4, .20, .30, 4.25, 0609 1.7, 020, .20, 1.0, 5.1, 
lo7, 020, .30, 6.5, 1.1, .50, 4.6, 3.5, .20, .10 
2. 5.8, 2.4, 1.3, 5.9, 8.2, 1.6, .20, 1.2, olO, 7.9, 
0609 3.1, 1.1, 2.35, 3o7, .70, 7.9, .20, 1.5, 3.1, 
3.7, .20, 1.5, 3.3, 1.49 13.35, 2.4, 3.25, 5.4, 
.30, 2.1, 5.4, .40, 2.7, .so, 4.6, 2.4, 5.3, 6.2, 
6.2, 3.5, 1.21, 1.1, .60, 2.6, 2.1, 5.1, 2.7, .50, 
1 0 5 ' 4 0 2 ' 6 0 6 ' • 30 ' • 60 ' 0 90 ' 3 0 7 5 ',l 2 . 8 5 ' 2 0 9 ' 
17.8, 2o0, 040, 8.6, .80, 3.1, 070, 040, 3.4, 1.8, 
2.4, .80 3.7, 2.0, 3.2, .40, 1.1~ 3.3, 2.8, .10, 
.60, 4.8, 7.0, 2.0, 1.6, 6.6, 3.6, .20, .80, 1.8, 
llo7, 2029 1.4~ l.4e, .20, .60, 8.1, 1.4, 2.6, 2.3, 
olO, .40, 1.9, 050, 2.9, l0o7, 5.2, 1.8, 9.5, 2.8, 
0 50 ' 7 0 1 ' 2 • 9 1 1 • 4 ' • 90 ' 2 0 4 ' 1 0 2 ' 14 • 7 ' 2 • 8 ' 8 . 6 ' 
1.0, .20, o80i loO, 1.71 070, 2.8, lolj 2.4~ 608~ 
2.1, .40, 2.1, 1.0, 4.8, 4.8, lo7, .60, 4o4, 3.8, 
1.8, 1.5, 1.3, 1.4, 5.8, .20, .30, alO, 2.4, 4.4, 
.20, 3.09 1.6, 2.4, 1.3, 4.1, 2.4, .60, .30, .40, 
2.5, 8.6, .75, 1.4, 8.4, 1.0, 1.2, 4.7, .30, .40, 
2o2, 3.3, 2.6, 060, 2.7, 2.1, 2.6, 3.7, 1.3, 5.8, 
1 0 6 ' 4 • 9 ' 9 0 7 ' 4 . 3 ' l O 9 ' 2 0 8 9 1 0 7 ' 8 0 4 ' 0 60 ' • 20 9 
10.1, 1.9, 5.9, .10, 5.6, 1.6, 1.5, .90, 3.1, 
10.8, .10, 14.0, 14.1, 1.3, 6.6~ 2.0, .40, .60, 
5.3, 2.3, 4033 1.2, 4.0~ .40, 1.6, 2.6, 1.0, 1065 
.90, .10, 1.3, 2.8, .70, .60, 4.0, 1.4, 2.3, .20, 
.20, 1.6, 607, 1.2, 020, 5.8, 1.1, 1.6, 7.2, 2.9, 
4.7, 1.1, .609 1.3, 1.8, 3.19 3.1, 3.89 4.5, 2.4~ 
6 0 2' 2 0 8 ' 2. 4' 2 0 2 ? 6 0 4 9 0 20 ' 10. 6 9 1. 0 ' 6. 1 ' 10 6 9 
2 . 8 ' 2 0 6 ' 3 • 3 ' ,5 0 1 ' 1 0 1 ' 0 80 ' . 40 ' • 40 9 4 0 6 'j 3 • 7 ' 
1.2, ef60, .40, 2.8, 1.79 .40, .80, 11.0, .20, 2.2, 
Figure 27. (Continued) 
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3 0 7 ' 4 0 8 ' 3 0 3 ' 0 50 ' 0 10 ' 3 0 4 ' 2 0 2 ' Q 60 ' 2 . 1 ' 4 • 4 ' 
2.0, 1.6, 5.8, 2.5, 5.9, .20, 3.5, 7.7, 2.5, 3°9, 
.60, 5.8, .90, 2.0, .70, 3.7, .20, 2.3, 1.0, .40, 
.50, 3.1, 1.2, 4.8, 1.1, 1.8, .50, 3.1, 5.4, .50, 
1.3, .50, 6.1, 1.5, 4.3, .20, 4.5, 1.7 
3. 1.1, 1.2, .40, .40~ 3.7, .10, .90, 7.7, 2.05, 4.2, 
1.3, 1.0, 6.4, 5.8, .90, .80, .80, 2.6, .40, 1.75, 
5.1, 5.3, .50~ 3.5, 8.0, .70, 1.8, 5.7, 4.7, 2.0, 
13.2, 1.7, 1.6, 1.4, 4.15, 2.2, 2.4, 1.6, 7.2, .70, 
2.6, 9.8, 1.4, .30, 6.2, 16.0, .90, .60, 8.1, 1.2, 
5.2, 6.9, 1.4, 2.0, 8.5, .60, .10, 6.7, 1.7, 10.8, 
1.4, 5.5, 2.65, 2.3, .60, 5.1, 2.3, 4.3, 5.0, .20, 
4 0 8 ' 4 0 8 ' 6 0 8 ' 2 0 4 ' 3 0 7 ' • 20 ' 5 0 2 ' 2 0 2 ' • 90 ' • 30 ' 
0 20 1 2 0 6' .10' • 40 ~ 010' • 40' 901' 10 0 9' 12. 6' 
.90, .10, 1.0, 1.0, 1.7, .90, .10, 1.1, 3.9, 1.1, 
5.8, 5.2, .90, 4.3, .40, 2.7, 1.2, 2.9, 5.5, 5.2, 
.40, 1.3, 2.5, 7.25, .30, 1.2, 1.9, 4.4, .40, 2.3, 
4. 4' 3 0 4 ~ 0 80 ' 1 0 5 ' 6 • 9 ' 3 0 8 , 4. 2 ' 3 • 5 ' 0 20 ' 5 0 8 , 
6.8, .40, .90, .40, 3.8, .80, 2.2, .20, .80, 9.6, 
.20, 21.2, 3.5, .20, .20, .40, 2.0, 2.0, .70, .30, 
3.8, 5.8, 2.59 3.6, 1.0, 2.9, 6.5, 5.8, 1.0, 2.0, 
12.2, .20, 9.9, 1.3, 1.1, 6.5, 6.6, 2.1, .20, l.~, 
5.0, 3.0, .20, 6.0, 2.5, .201 4.3~ 2.3, .20, 7.6, 
1.8, 3.2, 3.0, 1.5, .20, .90, 3.0, 7.1, 4.5, 6.8, 
6.8, 3.2~ 1.5, LJ-.09 .20, 6.0, 6.LJ-, .10, 12.5, .90, 
4.4, 2.8, 1.2, .40, 7.8, 1.5, .20, 5.0, 2.2, 4.8, 
2.2, .20, 2.9, 3.4, 1.0, .20, 2.6, 6.2, .40, 10.7, 
2.5, 2.1, 5ols 12.7, 9.6, 7.6, 1.0, 7.6, 8.0, 1.7, 
• 90 ' 2 . 5 ' 1 • 6 ' 2 0 7 9 1 0 7 9 1 • 8 9 2 0 6 ' 6 0 2 
4. 5.1, 1.7, 19.85, .50? 3.5, 11.3, 4.4, .50, .10, 
7.5, .20, 1.1, 1.1, .60, 7.6, 1.0, 3,4, 1.8, .90, 
.60, 1.2, 1.25, 6.0, 4.2, 1.1, 1.5, 4.1, .70, .40, 
13.25, 2.5, .409 2.4, 1.1, 3.2, .80, 2.4, .20, 
3.2, 3.2, 5.6, 4.8, .70, 1.2, .30, .60, 4.1, 1.0, 
1.8, 2.2~ 3.0, 4.3, 6.1, 4.1, 1.7, 1.8, 6.2, 3.2, 
3.9, 1.1, 1.9, 8.8J .31, 1.6, 7.0, .20, 5.9, .80, 
1.1, 4.2, 2.5, 1.4, .10, 1.8, 3.6, .50, .20, .30, 
.60, 6.0, .20, 4.7, .70, .20, 1.9, .10, .80, 7.1, 
.20~ 1.4, 9.7, 5.s, 9.7, 1.5, 15.9, 2.7, 2.1, .60, 
4.1, .301 .30, 1.0, 1.3, 8.6, .70, 1.5, 2.0, .50, 
1.0, .30, 2.3, 3.5j 2.1, 1.1, 5.s, 1.4, .50, 4.3, 
2.6, 1.1, 1.2, .60, 1.6, 4.1, 1.1, .10, 16.0, 6.6, 
1.7, .20~ 3.3, 1.2, 4.7~ 3.5, 1.1, 2.49 7.0, .70, 
O l O ' l O 5 ' 8 0 3 ' 0 60 °' 7 0 l 9 2 • 7 ' 6 0 1 9 0 50 , • 40 ' 2 • 9 ' 
. 30 , 2. O , i+. 7 
1ngure 2?. ( Continued) 
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Queue 
Length Time Interval 
5. 2·.2, 1.8, .20, 7.0, 6.5, 1.5, 4.75, .70, 2.3, .70,. 
6.5, 1.5, 4.75, .70, 2.3, .70, 3.1, .60, .15, 1.4, 
1.5, 1.9, 1.4, 1.1, 2.2, .40, .70, .60, 2.9, .60, 
1. 0' 10 7' 0 40' 10 0 5 ~ 10 7' 5. 0' 10 0, 101,. 10 3' 3 0 6' 
1 0 5 ' l O 1 ' 3 0 7 ' 0 30 ' 0 30 ' 0 80 , 2 0 1 ' 3 • 6 ' • 20 ' • 20 ' . 
11 • 2 ' 1 0 5 ' 4 0 3 ' 1 0 4 ' 0 90 ' 1 • 2 ' 0 30 , 0 50 ' 4. l ' .. 60 ' 
1.1, 2.4, 11.8, 2.5, .40, 5.7, 1.0, 3.8, .50, 3.2, 
3.7, 2.9, 3.7, 2.6, .10, 4.1, 1.2, 2.0, .60, 1.2, 
2.7, 2.1, 4.2, 1.3~ 1.1, 7.4, 1.8, 10.4, .60, 10.4, 
0 60 ' 10 0 4' 0 80 ' 3. 0 ' 2 0 2' 2 0 1 ' 0 20 , • 30 ' 0 80 ' 4 0 4' 
6.9, 1.3, 5.5., 10.5, 2.9, 1.6, 1.0, 5.3, 1.6, 2.6 
6 0 10 7' 2 0 4 ~ 6 0 9' 6 0 25' 2 0 25' 10 0' 5 0 3' 2 0 9' 10 0 8' 
0 60' 10 5' 10 7 5, 10 7' 0 20' ~ 20' 1. 5' 2. 6' 2. 8, • 40 ,· 
• 70 ' • 70 ' 1 0 6 ' 3 0 2 9 20 0 6 ' 0 50 ' 1 • 7 ' 3 0 6 ' 1 0 7 ' 6 0 4' 
3.8, 2.0, 9.5, 0751 8.1, .40, 7.7, .20, 3.0, 4.7, 
l.7, 2.95, 1.7, 1.1, 2.9, 2.45, 3.9, 4.3, 1.8, 
. 90 1 2 0 0 ' 1 0 7 , 1 0 8 ' 13 0 8 ' 6 0 1 ~ 6 0 7 ' 1. 2 ' • 80 ' • 50 , 
.70, 3.1, 3.1, lo2, 3.0, 080, 090, 030, 3.5, 1.0, 
10 4' 10 0 3 ' Q 20 ' 100' 0 90 ' 0 90 ' 2 0 6, 0 10' 0 20, 2 0 7 ' 
.60, 5.2, 12.7, .80, 11.0, .60, 1.4, 3.5, .30, 
0 20' 0 20' 3 0 5' l O O' 12 0 0' 0 60 9 15 0 9' 1.1, 3 0 8' 
8.6, 3.1 
7. 9.4, 3.4, 1.7, 6.1, 5.9, 5.3, 1.75, 4.65, .50, .40, 
.40, .70~ .40, 1.1, 3.5, 6.7, 1.4, 12.3, 7.5, 3.5, 
3.7, 7.9, 2.1, .20, 1.4, .50, .80, 5.7, .50, 1.1, 
401, 5. 9' 2 0 9' 801, 1. 0' .15' 5. 8' 1. 0' 1.1, 0 50' 
3 0 3 ' 5 0 4 ' 5 0 2 ' 3 • 6 ' 2 • 6 ' 3 Q 8 ' 0 20 ' 2 • 4 ' 0 40 ' 2 • 6 ' 
2 0 4 ' 0 20 , 0 60 ' 1 0 8 ' 2. 4 ' 1 0 3 ' l • 0 ' 4 0 3 ' 0 30 ' 7. 5 ' 
806, 2.8, 2.4, 11.8, 4.7, 2.2, 1.0, 1.9, 2.4, 5.1, 
2 0 2, 2. 0' 3 0 8' 6 0 2' 2. 3' 7 0 8 9 10 6' 2. 0, 0 70' • 50 
80 6.1, 2.0, .90, 060, 4.1, .60, 1.5, 2o9, 2.6, 5.9, 
3.0, 3.2, 2.6, 2.2, 1.3, 4.8, 4.9, 2.1, 6.0, 1.0, 
• 20 ' 2 • 6 5 ' 2 0 1 ' 1 0 4 ' 1 0 2 ' 2 • 5 9 3 0 15 ' l O 6 , 4 0 5 ' 
1 0 8 ? 3 0 0 ' • 90 ' 2 0 0 ' 1 0 6 ' 6 0 1 ' 4 0 7 , 2 • 4 ' 1 0 0 ' . 30 ' 
0 20 , 3 0 0 9 2 0 8 ' 0 30 ' 4 0 4 ' 1 0 8 ' 8 0 4 
9. 1.35, 1.7, 4.5, .60, .60, 2.2, 1.2, .20, 5.8, .20, 
0 30 ' 2 0 6 :, 0 80 9 5 0 9 9 10 6 ' 8 0 5 ' 0 60 ' 2. 7 ' 0 20 ' 3 0 4 ' 
3.4, 3.1~ 4.1 
10 0 106 ' 0 80 ' 0 20' 6 0 4' 7 0 9 ' 2 0 7 ' 4. 4' 1. 2' 3 0 5 ' 2 0 6' 
.20 
11. 1 0 3 ' 1 0 5 ' 2. 4 ' 1 . 1 9 0 90 ' • 30 ' .. 50 ' 4. 6 
12. .40, .70, 4.3, 8.1, 1.6, .80, 1.2, .20 
13. 3.2, 5.4, 2.65, .80, .809 7.75~ 3 .. 7, .80, 1.2 
14. 10.9, 1.6, .90, 3.9, 1.4~ 2.0, 2.0, 6.7, 6.1, 
2 0 4 ' 1 0 8 ' 3 0 5 ~ 0 30 
15. 2.9, 7.0, 2.7, 2.5, 3.2, 1.1, .40, .90, 2.2, 1.6, 
10.4 
Figure 2'7. ( Continued) 
Queue 
Length 
16. 
17. 
18. 
19. 
20. 
2L 
Time Interval 
0 30 ~ .30, 4.7~ .20, 4.5, 3.7, .10~ 4.9, 
6.2, 1.4, 1.2, 2.0~ .20, .80, 2.1, 2.7, 
3.7 
4.8, 7.1, 1.39 .10, 1.42~ 1.5~ 2.2 
4.6, 0 20, 1.7~ 4.2 
2.1, .70, .20 
1.6 
Queue Data Collected 9-25-65 
Number Observation 
in No. of Totals 
System Occurrences Occurrences 
0 213 1374.4 
1 399 1182.05 
2 324 916.9 
3 237 789.65 
4 151 438.26 
5 102 262.8 
6 98 308.9 
7 82 257.35 
8 46 122.0 
9 23 55.55 
10 11 31.5 
11 8 12.6 
12 8 17.3 
13 9 27.3 
14 13 43.6 
15 11 34.9 
16 9 19.3 
17 11 22.7 
18 7 18.42 
19 4 10.7 
20 3 3.0 
21 1 1.6 
Figure 2'?. ( Continued) 
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.90 
1.7, .70, 
Arrival Section 
Resistor Up Section Down Section 
Circuit Total Total Total 
No. Date Up Down Arrival 
Section Section Section 
9-2 9-10 9-25 9-2 9-10 9-25 
1. 3 12 11 26 5 9 11 25 51 
2. 1 11 10 22 4 8 10 22 44 
3. 4 13 12 29 4 17 11 32 61 
4. 6 9 8 22 1 12 12 25 47 
5. 5 11 10 26 7 3 9 19 45 
6. 5 10 11 24 3 7 13 23 4'7 
7. 5 14 17 36 9 10 11 30 66 
8. 5 14 9 24- 2 14 9 25 49 
9. 14 18 12 44 6 11 9 26 68 
10. 9 9 15 33 2 12 9 23 56 
11. 5 14 15 34 3 14 12 29 63 
12. 5 7 15 26 4 17 13 34 60 
13. c; 10 11 26 6 7 12 25 51 ./ 
11+. 3 9 11 23 4 12 10 24 47 
15. 1 12 3 16 3 9 11 23 39 
16. 6 12 12 28 3 12 7 22 50 
17. 5 13 11 29 2 10 8 20 49 
18. 1 11 7 19 8 8 7 23 42 
19. 6 13 14 33 8 11 13 32 65 
20. 5 11 13 29 4 11 8 23 52 
21. 8 7 11 26 2 13 17 32 58 
22,, 3 14 12 29 5 13 8 26 55 
23. 3 12 11 26 3 9 12 24 50 
24. 11 12 14 37 4 6 9 19 56 
25. 6 7 7 20 8 10 8 26 46 
26. 3 11 12 26 3 12 21 36 62 
Figure 28. Compiled Data - Number of Occurrences of Resistor Circuits \.0 
'° 
Resistor Up Section Down Section 
Circuit Total Total Total 
No. Up Down Arrival 
Section Section Section· 
9-2 9-10 9-25 9-2 9-10 9-25 
-
27. 3 13 13 29 2 10 12 24 53 
280 7 12 10 29 3 9 10 22 51 
29. 5 13 12 30 7 18 20 45 75 
30. 2 9 13 24 9 16 12 37 61 
31. 3 9 10 22 5 10 12 27 49 
32. 8 7 7 22 2 12 11 25 47 
33. 5 16 13 34 5 11 9 25 59 
34. 5 10 9 24 3 9 9 21 45 
35. 5 11 10 26 7 5 10 22 48 
36. 0 12 8 20 5 16 9 30 50 
37 0 6 9 11 26 1 9 11 21 47 
38. ry 14 12 33 2 15 19 37 70 ( 
39° 1 6 8 15 6 12 15 31 46 40. 4 6 14 24 7 9 15 31 55 
Service Section 
Total 
Service 
Section 
1. 9 10 10 29 6 13 14 33 62 
2. 6 11 10 27 3 13 15 31 58 
3. 6 15 9 30 4 10 13 27 57 
4. 5 12 8 25 4 13 13 30 55 
5. 7 11 12 30 6 14 7 27 57 
6. 3 13 13 29 4 14 11 29 58 
I-' 
0 
Figure 28.. (Continued) 0 
Resistor Up Section Total Down Section Total Total Circuit Up Down Service No. Section Section Section 
9...,2 9-10 9-25 9-2 9-10 9-25 
7. 3 14 8 25 6 9 10 25 50 
8. 6 12 6 24 7 16 8 32 56 
9. 6 12 14 32 3 6 7 16 48 
10. 5 7 9 21 3 13 12 28 49 
11. 5 14 20 39 2 12 I!"'!: 25 64 J_ .L 
12. 7 4 14 25 3 16 13 32 57 
13. 2 12 12 26 6 10 16 32 58 
14. 4 6 16 26 3 14 11 28 54 
15. 6 8 15 29 5 7 6 18 47 
16. 6 16 9 31 2 14 13 29 60 
17& 4 13 7 24 3 '+- 10 17 41 
18. 2 12 1 "I J...1- 25 3 9 8 20 45 
19. 5 8 16 29 3 10 17 30 59 
20. 7 13 9 29 8 10 17 35 6ll 
' 21. 3 12 10 25 2 11 12 25 50 
22. 3 9 9 21 9 15 7 31 52 
23. 9 13 11 33 3 ll 11 25 58 
24. 3 10 12 25 4 8 14 26 51 
25. 7 14 11 32 2 10 l2 24 56 
26. 5 9 13 27 3 8 11 22 49 
27. 3 11 17 31 4 14 14 32 63 
28. 6 13 7 26 3 12 11 26 52 
29. 6 11 11 26 4 10 13 27 55 
30. 1 14 12 27 5 18 23 60 
31. 8 12 15 35 7 14 8 29 64 
32. 4 8 7 19 8 12 4 24 43 
H 
Figure 28. (Continued) 0 H 
Resistor Up Section 
Circuit Total 
No. Up 
Section 
9-2 9-10 9-25 
33. 4 15 10 29 
340 5 13 10 28 
350 3 5 18 26 
36. 6 10 8 24 
37. 4 15 14 23 
38. 3 11 8 22 
390 6 '7 11 24 I 
40. 1 14 15 30 
Figure 28. 
Down Section 
9-2 9-10 9-25 
2 8 13 
3 11 5 
5 14 8 
8 6 7 
5 8 16 
2 19 12 
3 10 13 
3 8 15 
( Continued) 
Total 
Down 
Section 
23 
19 
27 
21 
29 
33 
26 
26 
Total 
Service 
Section 
52 
47 
53 
45 
52 
55 
50 
56 
I-' 
0 
f\) 
APPENDIX C 
Cill'lULATIVE DISTRIBUTION VALUES 
103 
104 
Exponential Times (sec) 
Service Dist. Arrival Dist. 
F(t) µs = .10 µ = a .075 Resistor 
Class Class Class Class Class Class Circuit 
Limit Mid-Point Limit Mid-Point Limit Mid-Point Number 
.0000 0 0 
.0250 .253 .337 1, (2 =c0) 
.0500 .513 .684 
.0625 .6L1-5 .860 3 
.0750 .780 1.040 
.0875 .915 1.220 4 
.1000 1.01+5 1.393 
.1125 1.194 1.592 5 
.1250 1.335 1.780 
.1375 1 .L1-79 1.972 6 
.1500 1.625 2.167 
.1625 1.773 2.364 7 
.1750 1.924 2.565 
.1825 2.076 2.768 8 
.2000 2.231 2.975 
.2125 2.389 3.185 9 
.2250 2.549 3.399 
.2375 2.712 3.616 10 
.2500 2.877 3.836 
.2625 3.113 4.151 11 
.2750 3.216 4.288 
.2875 3.390 4.520 12 
.3000 3.567 4.756 
.3125 3.747 l1- .996 13 
.3250 3.930 5.21+0 
.3375 4.11,7 5.489 14 
.3500 L~ .3808 5.744 
.3625 4.502 6.003 15 
.3750 4.700 6.267 
.3875 4.902 6.536 16 
.4000 5.1.08 6.811 
.4125 5.319 7.092 17 
.4250 5.534 7.379 
.4375 5.754 . 7 .672 18 
.4500 5.978 7°971 
.4625 6.208 8.277 19 
.4720 6 .44L1- 8.592 
.4875 6.684 8.912 20 
.5000 6.931 9.241 
.5125 7.185 9.580 21 
.5250 7 .1+44 9.925 
.5375 7.711 10.281 22 
.5500 7.985 10.6/J-'? 
.5625 8.267 11.023 23 
J:i,igure 29. Cumulative Distribution Values 
105 
Exponential Times (sec) 
Service Dist. Arrival Dist. 
F(t) µs = .10 µ = .075 Resistor a 
CJ.ass Class Class Class Class Class Circuit 
Limit Mid-Point Limit Mid-Point Limit Mi.d-Point Nwnber 
.5750 8.557 11.409 
.5875 8.855 11.807 24 
.6000 9.163 12.217 
.6125 9.480 12.640 25 
.6250 9.808 13.077 
.6375 10.147 13.529 26 
.6500 10.498 13.997 
.6625 10.862 14.483 27 
.6750 11.239 14.985 
.6875 11.632 15.509 28 
.7000 12 .. 040 16 .. 053 
.7125 12.465 16.620 29 
.7250 12.910 17.213 
.7375 13.375 17.833 30 
.7500 13.863 18.484 
.7625 14.376 19.668 31 
.7750 14.917 19.889 
.7875 15.488 20.651 32 
.8000 16.094 21.459 
.8125 16.740 22.320 33 
.8250 17.430 23.240 
.8375 18.171 24.228 34 
.8500 18.971 25.295 
.8625 19.841 26.455 35 
.8750 20.794 27.725 
.8875 21.848 29.131 36 
.9000 23.026 30.701 
.9125 24.361 32.481 37 
.9250 25.803 34.537 
.9375 27.726 36.968 38 
.9500 29.957 39.943 
.9675 32.834 43.778 39 
.9750 36.885 49.185 
.9875 43.820 58.427 40 
1.0000 00 00 
Figure 29. (Continued) 
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